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ABSTRACT 


Selfing of cabbage plants in the bud stage can be rapidly cartied out by the use of a 
pair of scissors, specially modified for this purpose. This method can also be used to 
advantage in cross-pollination, but it is a little less reliable than the use of a pair of for- 
ceps. Furthermore a few points are discussed which are of importance to obtain a good 
setting of seeds. 


INTRODUCTION 


In applying modern breeding methods it is often necessary to carry out artificial 
pollination. With cabbage, provided that insect-proof rooms such as isolation cham- 
bers or pollination cages are available, this does not present many difficulties, for use 
can be made of insects destined by nature to take charge of the pollination work. Bees 
and bumble-bees give the best results. It is, however, not possible for all the operations 
to be carried out in this way, as pollination is sometimes done outside the insect 


season, namely when flowering is taking place very early. In such cases hand polli- 
nation has to be resorted to. In this paper notably the experiences gained at the 1.V.T. 


with this latter method will be discussed. 


SELFING 


5 Although selfing alone is not to be recommended for most cabbages, it nevertheless 


has large advantages in as much as it forms part of certain breeding methods. Experi- 
ence has shown, however, that both hand and insect pollination may result in a very 
low seed yield owing to self incompatibility. 

In order to obviate this difficulty use is made of the fact that the stigma ripens some 
days before the opening of the flower. If selfing is carried out in this period, no in- 
compatibility effects will be encountered and the seed yield may be expected to be 


„closely similar to that obtained by cross-pollination. 


This method, which is some twenty-five years old, was first applied in Japan (3) and 
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later also in other countries. In recent years it has also been used rather extensively for 
more practical purposes at our institute. To illustrate its usefulness, we give some com- 
parative figures relating to selfing of the open flower and bud pollination carried out 
on the same plants (table 1). 


TABLE 1. SELFING AND BUD POLLINATION OF BRUSSELS SPROUTS 


Selfing of open flower Selfing of the bud 
Number of Number of 
Plant Number of 9% of siliques seeds Number of % of siliques seeds 
number flowers set harvested buds set harvested 
pollinated per flower pollinated | per flower 
1 15 93.3 2.6 29 89.7 6.7 
2 27 92.6 85) 32 93.8 3.8 
3 39 87.2 len 45 57.8 4.1 
4 2 85.2 0.6 26 61.5 10.3 
5 25 100.0 0.5 23 73.9 4.3 
6 31 58.0 0.3 33 69.9 | 6.8 
7 23 78.2 | 0.2 25 76.0 | 2.6 
8 24 78.3 0.04 33 48.5 55 
9 31 86.6 0.03 33 93.9 6.4 
10 33 78.0 0.0 34 50.0 1.8 


The above table shows that in some instances the percentage of siliques set after bud 
pollination is slightly lower than when the open flower was selfed. This is probably due 
to the injury caused to the fragile buds when using this method. Nevertheless the 
number of seeds per pollinated bud is always considerably higher than in the case of 
normal selfing. 

Although bud pollination definitely gives better results this method has a serious 
drawback as it takes much time to open the buds. This is usually done as follows. 
With a fine-pointed pair of forceps the corolla and sepals are partially removed, which 
leaves the stigma exposed. This method is time-consuming, as for each bud three to 
four operations have to be carried out. In addition the fragile bud is rather seriously 
damaged. Therefore attempts have been made to simplify this method. 


Á MORE RAPID METHOD 


The aims were: 


Ll. to lay bare the stigma in one operation; 
2. to avoid as much as possible damaging the bud. 


An improvement was the use of a small pair of scissors as used by BARRETT (1) for 
apples and pears, but altered as follows. 

About 5 mm from the points a semi-circular opening is made in the cutting edge of 
each blade (see Figure 2). This opening is made by means of a file and has to be sharp. 
On closing the scissors an opening about 1 mm in diameter is left between the blades. 
Into this opening will fit the stigma or style of the bud. 

The bud is then prepared for pollination, as follows. The scissors are placed with 
their opening around the bud, about 1 to 2 mm below the top, after which they are 
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Fie. 2. 


PAIR OF SCISSORS FOR OPENING THE FLOWER BUDS. 
DIMENSION OF THE SEMI-ELLIPTIC OPENING ON THE 
SIDE OF THE CUTTING EDGE ABOUT 3 MM. FOR 
STRONGLY DEVELOPED BUDS SOMEWHAT LARGER. 
THE OPENING CAN BE ADJUSTED BY MEANS OF THE 
SMALL SCREW 


Fi. 1. 


THE EQUIPMENT DOES NOT 
REQUIRE LARGE INVESTMENTS 


Fie. 3. 


PARTIAL REMOVAL OF THE 
CALYX AND COROLLA FOR 
BUD _POLLINATION. THE 
STIGMA OF THE TREATED BUD 
IS VISIBLE 
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Fia. 4. BUD STAGES 
1. 1 day before opening 
2. 2-3 days before opening 
3. 3-4 days before opening 


Fig. 5. 
SILIQUES AFTER SELFING IN 
THE BUD STAGE 


|. Bad seed setting after pollination at a wrong stage (1 day before opening) 
2. Good seed setting after pollination at the correct stage (2 to 3 days before opening) 
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slightly closed and at the same time moved upwards. As a rule the “cap” of the bud 
will come off at once, thus exposing the stigma (see Figure 3). 

Of course, this requires some practice. A large number of buds can be treated within 
a short period of time. Assuming that 100 to 200 seeds suffice for most purposes, about 
50 buds will be needed. Their treatment, including pollination, does not require more 
than 10 minutes. 

What buds are used for this purpose? This is normally indicated by the number of 
days which elapse before the flower opens. This is never exact, as flowering also de- 
pends on the temperature. In Fig. 4 the different stages are given. 


1. Buds about one day before opening. Usually the yellow petals are already visible. 
These buds are preferably not used for selfing in the bud stage. In the majority of 
cases the germination of their own pollen will be strongly reduced. 

2. Buds about 2 or 3 days before opening. The buds colour yellow at the top. This is 
the most suitable stage for bud pollination (Fig. 5). 

3. Buds about 3 to 4 days before opening. Although these small buds may sometimes 
give good results they are not often used, as they are very likely to be damaged and 
may soon drop. 


For pollinating the treated buds use is made of the pollen of open flowers of one and 
the same plant. The most rapid and reliable method is to use a small brush that is 
passed through some 10 open flowers, thus eliminating the danger of using non-viable 
pollen of one flower. 

Although we are concerned here with cabbage crops in general, an exception must 
ve made for cauliflower. Under normal conditions the percentage of selfing in this 
crop fluctuates between 60 and 70%, so there is no sense in applying bud pollination, 
and selfing of the open flower can be readily carried out. 


CROSS POLLINATION 

When using isolation cages insect-pollination gives very good results. The plants, 
however, must flower simultaneously and must be equally sized. If one of the plants 
flowers earlier, the open flowers have to be removed before introducing the insects; 
likewise the last flowers of the last-lowering plant have to be removed. Here, too, 
mention should be made of the deviating character of cauliflower. The crossing of two 
cauliflower plants in a pollination cage by means of insects is not possible, due to the 
fairly high percentage selfing, so cauliflower has to be pollinated by hand. With the 
other cabbage species hand-pollination will only be used in cases where it is desired to 
exclude even the smallest change of selfing. The stage for successful cross-pollination 
is less limited than that for selfing. Selfing only gives a reasonably good setting of seeds 
if carried out 2 or 3 days before the flower opens. With cross-pollination, on the other 
hand, good results may be expected both before and after the opening of the flower. As 
in crossing it is necessary to prevent selfing, only such flowers will be normally used as 
have not yet opened. 


It is possible to use open flowers, but this method is more circuitous as the same 
flowers have to be treated twice: the first time before they open, in order to remove the 
_stamens, and the second time after they have opened, to effect pollination. 
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It is, however, simpler and more efficient to combine these operations. In this case 
the bud is best emasculated the day before it opens by removing the stamens with a 
pair of forceps. In view of the protogynous character of the flower the pollen of the 
father plant can be directly brought on the stigma. The above method is to be recom- 
mended for crossing cauliflower, as the danger of selfing will then be entirely excluded. 

For the other cabbage species a less circuitous method can be applied, by using a 
pair of scissors as depicted in Fig. 2. The buds (stage 1) are treated in the same way as 
for bud pollination and immediately afterwards they are pollinated with pollen of the 
father plant. Although in this case partial emasculation is applied — the anthers being 
partly removed — the danger of selfing will be very small. It takes at least one day for 
the anthers to open. During this period the foreign pollen has already performed its 
task and there will be little danger of selfing. The choice of the method is usually 
determined by the nature of the material and the crossing purposes. The available time 
also plays a part. 


THE PREVENTION OF FAILURES 


Finally some factors will be discussed which often cause failures if hand-pollination 
is applied, both in selfing and in cross-pollination. 


Do not start the pollination work too early 


As a rule the number of flowers available is very large, and only a limited number 
has to be used. Therefore, wait until 30% of them is flowering. Notably the first flowers 
produce the least amount of seed and the largest number of failures. Frequently de- 
formed stigmas are encountered in these flowers. The style may be yellowish white and 
sometimes constricted below the stigma. It is no good using them for pollination, as 
the stigmas are very likely to drop after a few days. If such deviations are encountered 
it is advisable to wait some time; the flowers higher in the trusses are nearly always 
better. 


Protection against unfavourable weather conditions 


If pollinations are carried out in the open the treated flowers must be protected not 
only from insects but also from unfavourable weather conditions. It is therefore ad- 
visable to use paper bags, which prevent drying out by direct sun rays and give some 
protection from rain. 

Cheese-cloth is less suitable for this work, as the stigmas get entangled in the loose 
tissue and thus may readily break off. 


Avoid pollination at high temperatures 


To pollinate at temperatures higher than 20-25°C is generally not advisable, as 
excessively high temperatures have an adverse effect on seed setting. Both the stigma 
and style often turn yellow and shrivel up. Such difficulties mainly occur in isolation 
rooms. During the flowering season, such high temperatures do not occur so often. 
Therefore it is to be recommended that important operations, which one wants to 
carry out indoors, should already be done during the months of February and March in 
a hothouse. A better control of the temperature is then possible. As long as the tem- 
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perature fluctuates between 10 and 20°C seed setting will be generally satisfactory. In 
addition more time is available during these months for pollination work. 


SAMENVATTING 


Kunstmatige bestuiving van koolplanten 


Zelf bestuiving van koolplanten in het knopstadium kan op snelle wijze verricht 
worden, door gebruik te maken van een voor dit doel: gewijzigde schaar. Ook voor 
kruisbestuiving is deze snellere methode bruikbaar, doch iets minder zeker dan de 
gebruikelijke werkwijze met pincet. 

Voorts worden enkele punten besproken, welke een goede zetting kunnen bevor- 
deren. 
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ABSTRACT 


The percentage of the acreage covered with hybrid seed of corn in Italy increased 
from 0.1 % in 1948 to 28% in 1957. The average annual yield has surpassed 35 bushels 
per acre, while the total production since 1953 has remained steady at over 115 million 
bushels, which nearly satisfies the country's needs. The commercial production of 
hybrid seed has become an activity of great economic importance in Italy. 

The author lists the main problems for which a solution is being sought. The hybrids 
I A B 300 and Insubria 295 give encouraging results in the Centre and the South of 
Italy. In Northern Italy there is a need of better hybrids adapted to a short growing 
season and to growing corn for human consumption. 

The breeding of early flint and dent x flint varieties for planting as a second crop 
after wheat will be important to give a new impulse to the production of hybrids. The 
breeding of hybrid varieties of white corn for certain parts of Northern Italy will meet 
the preference of the farmers and provide a greater resistance to Helminthosporiosis. 

The author then surveys the phytological research in progress (with reference to 
Helminthosporium, Stewart disease, smut, dwarf-disease and corn borers) and the 
agronomical research. 

In the last ten years many good results have been obtained. 


1. INTRODUCTION 


It is well known that the last decade has marked a decisive period in the history of 
Italian corn growing. In this brief account the technical problems of corn growing are 
discussed in the light of the experience gained in this period. 

We shall start from the not far distant 1946, when the Italian corn crop, already 
reduced to an area of about 3 million acres and with a total yield of between 80 and 
100 million bushels, was dominated by the old open-pollinated varieties, representing, 
with the inevitable increases and decreases due to variations in the weather conditions, 
a situation which, if not quite static, we might at least define as having been only 
slightly dynamic over a period of several decades. 

Before considering the contributions made to the Italian corn growing by the mani- 
fold researches in the fields of pathology, agronomy, mechanization, etc, it seems 
necessary to summarize the decisive contribution made in this field by genetic research. 


2. CORN HYBRIDS 


In 1946 corn hybrids were no novelty in the scientific world or even in actual practice. 
They had already made their appearance in North America in 1933, but they were 
known in Europe only in theory. The lack of a technique for producing them on an- 
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commercial scale, the interlude of World War IL, and the traditionalism of rural popu- 
lations, prevented or discouraged the carrying out of any practical experiments and 
these have since become possible only in the new atmosphere of post-war recovery 
with its wide-spread renewal of relations and exchanges between countries. 

From that moment the merits of corn hybrids were gradually recognized and were 
increasingly substituted for the old open-pollinated varieties, while the latter were 
being inexorably pushed to marginal positions. The situation is more or less the same 
in all the corn growing countries of Europe; we shall note the various steps as far as 
Italy is concerned. 


TABLE 1. CORN IN ITALY: ACREAGE, ANNUAL 1948 TO 1957 


Total corn acreage Acreage covered with hybrid seed 
Year 
acres total percent 
1948 3,074,248 3,707 0.1 
1949 3,061,898 106,749 359 
1950 3,065,886 86,486 2.8 
1951 3,130,610 232,278 7.4 
1952 3,145,036 308,880 9.8 
1953 3,142,921 487,783 155 
1954 3,155,068 593,050 18.8 
1955 BPOS SH 2S 691,891 22.6 
1956 3,105,363 741,312 23:90 
1957 3,092,650 864,864 28.0 


Step by step with the slow but steady increase in the cultivation of corn hybrids, 
and always excepting the variations due to weather conditions, we have an increase in 


the yield of corn crop in this country. 


TABLE 2. CORN IN ITALY : PRODUCTION, ANNUAL 1948 TO 1957 


Corn production Increased production 

Year imputable to hybrid seed 

Total Average 

bushels bulacre bushels 
1948 88,586,818 28.8 86,610 
1949 87,063,474 28.4 1,338,512 
1950 15,7129,505 24.7 1,925,095 
1951 108,191,649 34.6 3,936,800 
1952 94,309,981 30.0 8,660,960 
1953 126,501,194 40.3 13,936,272 
1954 116,655,258 37.0 13,227,648 
1955 126,135,072 41.3 21,652,400 
1956 134,268,501 43.2 23,620,800 
1957 135,819,600 44.0 27,557,600 


In short, since 1953 when over 10% of the corn acreage was planted to hybrids for 
the first time, the average annual yield has considerably surpassed 35 bushels per acre 
and the total production has remained steady at over 115 million bushels, which 
nearly satisfied the country's needs. 
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With this development, the commercial production of hybrid seed has become an 
activity of great economic importance in Italy. 


TABLE 3. CORN IN ITALY: ACREAGE, PRODUCTION AND DISTRIBUTION OF HYBRID SEED, ANNUAL 1948 


To 1957 
Acrsage Bader spe Production for seed Distribution of seed 
Year production 
acres bushels bushels 

1948 1 98 ’ 2,008* 
1949 74 3,937 74,800* 
1950 en 59,053 53,856* 
1951 2,471 129,916 90,548* 
1952 3,954 185,032 125,979 
1953 5,930 366,127 196,843 
1954 7,957 413,369 236,211 
1955 3,800 275,580 289,358 
1956 4,977 362,190 342,506 
1957 6,103 385,811 358,253 


* In part seeds imported from USA owing to insufficient national production. 


A not insignificant export trade in commercial hybrid seed to other countries of 
Europe and the Mediterranean basin has been built up and is justified by the outstand- 
ing quality of the Italian seed. 


At this point we must admit that the introduction of hybrids in Italy has not every- 
where been easy or uniform. On the difficulties due to human factors an ample study has 
been made by ANDREW J. NICHOLs }); on those due to environment we can state that 
while the spread of hybrids has been relatively rapid (reaching its maximum in the Po 
valley with areas already near the 100% limit) it has met and still meets with not in- 
considerable difficulties in the Centre and South of Italy, where the natural conditions 
are less favourable to corn growing in general and to our existing hybrid-varieties in 
particular. 

In fact, in Italy as well as in the other European countries interested in corn growing, 
the introduction of hybrids already bred in the USA characterised the first stages of 
this process. This introduction was not made empirically or by trial and error, but on 
the results of a careful preliminary examination of the conditions of soil and climate in 
order to determine the greatest possible analogy between the original environment and 
that of adoption. So even within the limits of several hundreds of experimental varieties 
it was relatively easy (thanks to accurate experimental methods) to reach a rapid 
evaluation of the most suitable varieties. These varieties, in the well-known series of 
Wisconsin 270, 355, 464, 641 AA, Iowa 4316, US 13 and Indiana 750 A, to which have 
been added in quick succession analogous closed-formula varieties produced by private 
companies, still reign supreme in their adopted environment and contribute in large 
measure to that satisfactory average of about 28 % which has been reached in the brief 
period of ten years. 


1) NICHOLs, ANDREW J., The introduction and spread of hybrid corn in taly. Publication of 
the U.S. Dept. of Agriculture, Foreign Agricultural Service and of the Foreign Operations, Ad- 
ministrations, Office of Food and Agriculture, Washington, D.C., Sept. 1954, 44 pp. 
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During the laborious process of settling this programme it was realized, however, 
that many of the Italian regions, especially in the Centre and the South, had no ana- 
logous soil or climate in the North American Corn Belt; these regions could not ad- 
vantageously adopt the foreign bred hybrids because they are less adaptable to the 
difficult conditions of the Mediterranean environment than the old local o-p varieties 
(which have reached a selection equilibrium through two or three centuries of culti- 
vation). Local strains are characterized by exceptional earliness and resistance to 
specific adverse conditions. Their very modest yield is, in compensation, fairly reliable 
and constant. 


These circumstances led to the present phase, (started early but only now in full 
development) which is the search for and breeding of new hybrids, using native strains 
supplied by the local Italian populations, either exclusively or in combination with the 
most apt and promising foreign varieties. 

This vast and ambitious programme required and still requires an ample preparatory 
basis consisting of the selection of strains carefully chosen among o-p varieties, the 
introduction of foreign strains, the control of general and specific combining ability 
between the strains, the maintenance and reproduction of all this vast amount of 
genetic material, and finally the testing of the experimental hybrids. 


3. CHIEF PROBLEMS 


A detailed analysis of all these activities would require too much time and might 
obscure the main principle of the work. I shall therefore confine myself to listing the 
chief problems for which a solution is being sought: 


a. The breeding of early hybrids of flint or flint x dent varieties. These hybrids should 
for central and southern regions combine the characteristics of resistance to drought 
and resistance or tolerance to the corn borer. They should possess a certain yielding 
adaptability, in order to insure, under the unfavourable environmental conditions 
of the Mediterranean area, a minimum production, at least comparable to the 
previous local strains, and to permit a higher possible yield under less adverse con- 
ditions. Encouraging results are being obtained, and the farmers of the Centre and 
South will have at their disposal in 1959 two new hybrids with such characters, 
viz. 1.A.B.300, bred by the Institute of Agronomy of the University of Bologna, 
and Insubria 295, bred by the Stazione Sperimentale di Maiscoltura at Bergamo. 

b. The breeding of flint and dent x flint varieties for some sectors of Northern Italy, 
to fulfil requests by farmers interested in growing corn for human consumption. 
In marginal areas varieties better adapted than the present ones to special conditions 
of a short growing season are requested. 

c. The breeding of early flint and dent x flint varieties for planting as second crop after 
wheat, so as to give a new impulse to this practice, which is so important in the 
more intensive and advanced corn-growing areas. The problem to be solved is very 
different from the original one of improving the main corn crop in the Centre and 
South of Italy, since these second crops grow in different and very special climatic 
conditions namely decreasing temperature and increasing rainfall in the period 
between flowering and the ripening stage of the kernel. 
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d. The breeding of hybrid varieties of white corn for certain parts of Northern Italy, 
both to meet the decided preference of the farmers and to provide the greater re- 
sistance to Helminthosporiosis required in these districts. 


These white corn aims are supported by the research stations in Italy, subsidized 
by the Ministry of Agriculture, directed by the Stazione Sperimentale di Maiscol- 
tura at Bergamo. The agricultural experiment stations of Udine, Bologna, Rome 
and Bari, as well as the Institutes of Agronomy of the Universities of Bologna, 
Florence, Perugia, Bari and Palermo work in close cooperation on this programme. 


4. OTHER ACTIVITIES 


Linked up with this vast and ambitious programme of research there are other 
activities no less important for the future of corn growing. For example a programme 
for the preservation of germ plasm in Europe and the Mediterranean basin has been 
set up, for which the Stazione Sperimentale di Maiscoltura acts as a centre of coordi- 
nation, availing itself of the experimental stations at Wageningen (Holland) for the 
early varieties, of Zemun (Yugoslavia) for the medium-late varieties and of Gizah- 
Orman (Egypt) for the late varieties. Another programme of cooperation between the 
countries of Europe and the Mediterranean basin has been designed for the exchange 
and testing of material aiming at the breeding of new hybrids with a wide range of 
adaptation. 

There is a tentative programme of breeding alternately in Italy and Somaliland in 
order to take advantage of two successive crops in the same year and to shorten the 
times necessary for the breeding of new varieties. 


It seems opportune, however, to note at this point that at the present state of the 
work, even taking into account the most recent advances in genetics, we should not 
cherish the illusion that we shall be able in the near future to obtain spectacular results, 
such as in a certain sense may be considered to have been obtained in the first period of 
substituting hybrids for the old o-p varieties, but we shall have to be content with 
obtaining modest but steady and continuous improvements, so that within a few years 
the varieties now being cultivated may be gradually substituted by others more efficient 
in yield, adaptability, resistance to diseases, commercial value, etc. 

Any advance in the field of genetics can no longer be the miraculous result of intu- 
ition or improvisation, such as was possible in the past at the dawn of this science, but 
it can only be the result of long and patient research, of repeated trials, so much the 
more likely to be successful as a greater number of combinations is investigated. 


As a proof of the vast amount of work involved in these programs and, in this 
particular case, of the results obtained within the last ten years, these few significant 
figures will suffice: every year, at the Stazione Sperimentale di Maiscoltura alone, from 
50,000 to 100,000 self-pollinations and selections have been effected and also a great 
number of tests, as appears from the following table. 
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TABLE 4. SUMMARY OF GENETIC ACTIVITIES 


en op Test of expt. hybrids An en Ean 
el Breeding an 
Year en of expt. 
local Stelen hybrids | fieldsof | plots | fieldsof | col- main- 
the S.S.M. the coop. | lection | tenance 
stations 
1947 200 — 70 123 3 200 -— — — 
1948 188 57 131 Di) 8 226 — — — 
1949 395 53 213 111 27 191 — — — 
1950 762 42 83 155 25 209 — En 
1951 945 92 142 446 32 148 59 — — 
1952 18225 87 DID 644 31 159 14 — — 
1953 1,509 110 303 420 28 392 15 — — 
1954 1,652 110 332 128 16 579 28 569 11 
1955 1,806 12 50 1,101 11 248 28 14 107 
1956 1,630 32 123 807 34 927 29 — 100 
1957 1,166 60 186 655 24 966 33 7 365 
Totals | 11,478 655 1,845 4,673 239 4,245 _206 590 583 


As has been said at the beginning of this account, the experimental work does not 
confine itself to genetic research only (although this represents the chief item of every 
corn-growing problem) but it also includes phytopathological and agronomical re- 
search. 


5. PHYTOPATHOLOGICAL RESEARCH 


As regards the phytopathological research, the chief problems are: 


Research on Helminthosporiosis 


In Italy, all three species of Helminthosporium living on corn (H. turcicum, H. maydis 
and H.carbonum) have been found. Of these the most wide-spread, and therefore the 
most damaging is H. turcicum. The way of control is the selection of strains and the 
breeding of varieties resistant to the disease. With this aim in view pure cultures of the 
fungi have been prepared in order to carry out artificial infection in the field of select- 
ion. Other methods of infection have been studied. The prospects of success, even if 
not immediate, look favourable. In the meantime observations in the field have al- 
ready led to the detection of a hybrid resistant to Helminthosporiosis, the Indiana 
750 A. Probably it has this character in common with other varieties of white corn, 
whereas so far no resistant varieties have been found among the yellow corn hybrids. 


Research on Stewart disease 
This disease caused considerable damage in Italy some years ago, but in recent years 
its presence häs been scarcely noted. The conditions favouring its appearance are not 
yet sufficiently known and further observation and study will be required if another 
serious outbreak occurs. The relevant research program is for the present at a stand- 
still. 
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Research on smut of corn 


Although this disease is very wide-spread it does not usually cause serious damage 
in Italy. In special cases, for example in seed production fields, it may be a cause of 
greater anxiety, since the characteristic tumors easily form on the wounds made in the 
plant during detasseling. Here, too, the method of control is the selection of strains 
resistant to the disease. 


Research on dwarf-disease 


This is a wide-spread disease in some parts of Northern Italy, especially in the rice- 
growing areas of Piedmont. Recently there have been no serious infections, but dam- 
aging attacks such as occurred some ten years ago are still to be feared. The etiology is 
not yet quite clear, but from studies made so far there is reason to believe that it is a 
virus disease transmitted by Cicadellas. Research is in progress to ascertain the kind 
of virus, winter host and carrying agents, but this research is not easy and urgently 
needs the cooperation of entomologists. 


Research on corn-borers 


These are perhaps the chief enemies of corn in Italy, especially in areas where mild 
winters and a warm dry climate occur. If we exclude the direct method of control by 
insecticides which, though efficacious, are not advisable both for the high cost and for 
reasons of biological balance (so as not to destroy with the parasites the useful insects 
that naturally help to keep them in check, thus leading the way to even more serious 
attacks by uncontrolled parasites). Apart from this method, the only way left seems to 
be the long and difficult one of detection of strains resistant to the first generation and 
tolerant to the attacks of advanced generations. Some modest results have already been 
obtained in the selective breeding of strains from local varieties of the Centre and the 
South, but much still remains to be done in this field. 


Fungi attacking corn seeds in the soil under conditions of low temperature 


Another particular problem is that of fungi which attack corn seeds germinating in 
the soil under conditions of low temperature and stagnant moisture and which cause 
serious failures in the seedbeds. This study is linked up with the wider field of seed bio- 
logy for which a modern plant of cold-testing has been installed. It is being developed 
in parallel with the genetic research and with the investigation on seed-protecting and 
stimulating products. 


6. WEED CONTROL 


In addition to the phytopathological research work we must mention the use of 
mechanical weed killers. This problem has two aspects peculiar to corn growing. First 
repeated cultivations are required anyway to improve chemical-physical conditions of 
the soil and second, the weeds are mostly graminaceous as is the crop itself. Chemical 
weeding could be an important supplement to hoeing. If a method of spraying in the 
row was adopted in order to eradicate weeds between the plants, it could be used as a 
substitute for cultivations when heavy rains make mechanical weeding impossible. 
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The research work should be directed to both the detecting of chemical compounds 


not damaging corn, and to the selection or development of strains of corn resistant to 
the weeding agents. 


7. AGRONOMICAL RESEARCH 


In the agronomical field there are also many problems and work towards their so- 
lution is being actively carried on, for example: 


a. research on the selection of varieties in relation to the conditions of soil and climate 
and to the rotation of crops. 

b. research on the most appropriate density of population directly correlated with 
moisture and fertility of the soil and inversely to the maturity rate of the adopted 
varieties. 

c. research on fertilisers. There is a decided tendency in favour of very heavy manuring 
(in the proportion of about 40 tons per acre and in any case never less than 20-25 
tons per acre) supplemented by top dressings of nitrogenous fertilisers (both nitrates 
and ammonious compounds). Experiments have suggested that there exists a definite 
ratio between the amounts of nitrogen supplied and the average yield obtained. Yet 
there is still some uncertainty as to the best way of using phosphatic and potassic 
fertilisers, use of which in many cases has not come up to expectation. 


This vast field of research has now been further widened by the introduction of com- 
pound fertilisers with a definite ratio between N, P and K, and by the more recent 
theories on the action of the micro elements. 

Strictly connected with the problem of fertilization is that of the irrigation of corn, 
a crop notoriously exigent in this respect. There are certainly no doubts as to the 
necessity of abundant irrigation, especially at the time when the water need of the 
plant reaches a critical point which coincides with the period between silking and 
ripening. This stage occurs in the warmest and driest period of the season. A complete 
and methodical research on the quantity and method of irrigation, from the economic 
aspect is still requested. 

Other agronomical problems, no less interesting are concerned with sowing methods: 
Check-row planting, bedding or lister-planting, with or without walking middlebreaker 
for water furrows, in rows or hills, as monoculture in combination with other spring- 
crops as potatoes, beets, etc. for a better exploitation of the soil. 

Even the rapid progress in mechanics has had a favourable influence on the growing 
of corn. Increasingly use is made of machines for ploughing, where possible to a depth 
of 60-70 cm, of manure spreading machines, of rotary cultivators, of seeders which 
control the rate of sowing, and finally of mechanical harvesters. 


To sum up this brief account we may safely say that in the field of corn growing 
much work has been done in the last ten years and many good results have been ob- 
tained. However, reaching the top of a hill the horizon stretches out more widely, 
giving glimpses of still higher and more distant peaks. Much work still remains to be 
done. In the concatenation of the various problems old and new ones are continually 
presenting themselves in this field of Italian agriculture. 
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SAMENVATTING 
Technische problemen bij de maisteelt in Italië 


Het percentage van de oppervlakte mais in Italië is voor de maishybriden toegeno- 
men van 0,1 % in 1948 tot 28% in 1957. De gemiddelde jaarlijkse opbrengst overtreft 
2060 kg/ha, terwijl de totale produktie sedert 1953 de 2.875 millioen ton, die nodig zijn 
voor eigen behoefte, heeft overtroffen. 

De commerciële produktie van hybridezaad is voor Italië van grote economische 
betekenis geworden. 

Schrijver noemt de belangrijkste problemen waarvoor een oplossing wordt gezocht. 
De resultaten met de hybriden LAB 300 en Insubria 295 zijn hoopgevend voor het 
midden en zuiden van Italië. In Noord Italië heeft men behoefte aan betere hybriden 
met een korte vegetatieperiode welke geschikt zijn voor menselijke consumptie. 

Het kweken van vroege flint typen en van dent x flint rassen voor verbouw als 
tweede gewas na tarwe zal een nieuwe stimulans zijn voor genoemde teeltmethode. 

In bepaalde gebieden van Noord Italië wenst men witzadige hybriden, die een gro- 
tere resistentie tegen Helminthosporium bezitten. 

Schrijver geeft vervolgens een overzicht van de phytopathologische en de teeltpro- 
blemen. 

In de laatste 10 jaren zijn goede vorderingen gemaakt. 
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ABSTRACT 


On 14th, 15th and 16th July 1958 the writer attended the symposium “Questions 
about the breeding of potatoes resistant to Heterodera’ which was held at Gross-Lüse- 
witz, an estate near Rostock, Germany, on which a Plant Breeding Institute is located. 

There is a strict centralization, the Institute at Gross-Lüsewitz controlling the lines of 
research in 10 branch stations scattered over the German Democratic Republic. In a 
few years a centre of breeding and scientific research has been built up here. 

The most important subject of study is the potato. The results obtained with the 
breeding for degeneration-resistance are striking. 


INTRODUCTION 


During the symposium “Fragen zur Züchtung nematodenwiderstandsfähiger Kar- 
toffeln” (Questions about the breeding of potatoes resistant to Heterodera) which was 
held at the Plant Breeding Institute Gross-Lüsewitz (Germany) on 14th, 15th and 16th 
July 1958, I had an opportunity of seeing something of the work in progress there. 


THE PLANT BREEDING INSTITUTE GROSS-LÜSEWITZ 


Gross-Lüsewitz is situated south-east of the town of Rostock. It is an estate covering 
an area of some 1,000 ha. More than 900 ha are being cultivated and 120 ha are 
used for.trial fields every year. 

Although attention is given to some other agricultural crops, potatoes are by far the 
most important subject of study. This becomes quite clear from the following passage 
in the guide for visitors: “Die Hauptaufgaben des Institutes liegen in der Züchtung 
krankheitsresistenter, ertrag- und stärkereicher Kartoffelsorten verschiedener Reife- 
zeit und in Arbeiten zur Verbesserung der Pflanzguterzeugung in der Deutschen Demo- 
kratischen Republik” (The principal activities of the Institute are the breeding of 
disease-resistant productive potato varieties with a high starch content and of varying 
maturity and, in addition, the improvement of seed potato production in the German 
Democratic Republic). 

This ample objective means that practically every problem arising in potatoes is con- 
sidered for investigation. It would be easier, therefore, to enumerate what is not 
being done at Gross-Lüsewitz than to give a detailed summing-up of the working 


programme. 
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The Institute has 6 scientific departments with 21 working groups. In addition there 
are 10 branch stations situated in various parts of the G.D.R. At 5 of these stations 
new varieties are raised, as also at Gross-Lüsewitz itself. One station is charged with 
keeping free from virus diseases the new varieties which have promising features for 
the practice, while at another station, situated in an area of rapid degeneration, are 
conducted the trials on degeneration. The whole system therefore is based on strict 
centralization, as can be expected under the government of the G.D.R. 


In all there is a staff of 457 employees, 34 of which have an academic education. In 
1957 more than 1,100,000 D.M. was spent on investments. However, this sum was 
partly used to provide social amenities. There isa canteen, a laundry, a tailoring estab- 
lishment and a hair-dressing saloon, while a public nursery offers young mothers the 
opportunity of finding employment in outdoor labour while their children are atten- 
ded. Provisions are also made for medical treatment. So Gross-Lüsewitz is a small 
community in itself and it is entirely different from the government sponsored 
breeding institutes in other countries. 


Although they obviously aim at obtaining results for practice, the managing staff 
does not refrain from tackling fundamental problems thoroughly when these aid the 
development of new commercial varieties, or the improvement of potato-growing. The 
publications which have appeared in recent years are proof that great value is also 
attached to the results of fundamental research. The fairly cursory acquaintance with 
the working programme and the results shown to us, justify the expectation that in the 
future Gross-Lüsewitz will continue to make valuable contributions in the field of the 
potato. 

On visiting Gross-Lüsewitz one is impressed by the large area of the estate, the pro- 
found studies, the many aids to research and by the enthusiasm of the workers. This 
concentration of research on one crop has the advantage that various investigations 
can be connected with one another, that the parts can be considered proportionally 
and that the results obtained can soon be tested for their practical value. Under a 
central direction a synthesis can be made and the workers can help and inspire each 
other mutually. It will be clear, however, that high claims are made on the organiza- 
tional talents of the leader and also much knowledge of the technical details and of 
men is necessary to realize these theoretical advantages. 


It is not appropriate for a guest to forestall future publications nor yet to fall back 
into repetitions of what has been published already in the literature. 1 will therefore 
restrict myself to some statements about the trial fields which were inspected on the last 
day of the symposium. 


POTATO BREEDING AT GROSS-LÜSEWITZ 


Personally, Ll am much impressed by the results they have obtained in regard to 
degeneration-resistance. In one of the fields a number of potato varieties were planted 
which had been grown without selection for three years in a district of rapid degene- 
ration. Plots of the well-known and widely grown variety Ackersegen had been 100 % 
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damaged by disease there. However, in some new varieties which had been grown un- 
der the same conditions, only a few percent of plants occurred with virus diseases. The 
percentages varied according to variety, but whereas Ackersegen was a complete fail- 
ure, these varieties still yielded an excellent harvest. I need not emphasize the great 
consequences of such degeneration-resistant varieties. 


Degeneration-resistance really is a concept of a complex nature since it may refer to 
several virus diseases. In the guide for visitors are mentioned leaf roll, Y-virus, and 
Y- A, virus (a strain of Y-virus which has widely occurred since 1955) and A-virus. It 
is remarkable that this high degree of degeneration-resistance could be obtained by 
using well-known varieties in the breeding work. The following varieties display a very 
high degree of degeneration-resistance: Meise, Schwalbe, Spatz, Amsel, Star, Drossel, 
Fink. 


Varieties Parents 

Meise Aquila x Flava 

Schwalbe Aquila x Capella 

Spatz Capella x BRA. D. 79 

Amsel Aquila x Flava 

Star Capella Xx Aquila 

Drossel Aquila x Flava 

Fink Aquila x (Voran x Mittelfrühe). 


Since 1955, 11 new varieties have been included in the List of Varieties. These were 
developed at Gross-Lüsewitz, two of them (the varieties Argo and Spike) were raised 
by Prof. Dr. H. LEMBKE who is now working as manager at his former estate, the 
branch station Malchow. All the varieties mentioned are resistant to wart disease of the 
old biotype, two of them are also resistant to the new ones viz. the varieties Argo 
(Capella x B.R.A. 9089) and Zeisig (Aquila Xx Hilla). 


In connection with the foregoing details it is noteworthy that an extensive series of 
test crosses has been made. Samples of 300 tubers (i.e. 300 different genotypes per 
cross) of a large number of crosses were taken which were being grown for two years 
in a district with a fair chance of developing degeneration. It was remarkable to see 
the differences in the various offspring. In general the population including So/. tubero- 
sum subsp. andigena showed a very high percentage of plants with virus diseases. How 
far the andigena-material used in these crosses happened to possess an unfavourable 
genetical constitution or whether subsp. andigena is a bad partner for crossing in 
general is unknown without further investigation. 


The visitor who observed the fields with the eyes of a potato breeder will have been 
surprised at the comprehensive collection of very early and early varieties. By growing 
35,000 seedlings in glasshouses in pots, enabling a sharp separation between early and 
late varieties, a large number of new early varieties have been obtained in a few years 
and they are now being evaluated for the farmer. With former methods it was the very 
early varieties that often did not tell to good advantage or were lost. 

In regard to the breeding for resistance to Phytophthora it should be mentioned that 
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two methods are used. In one of them genotypes with a high field resistance (erhöhte 
Infektionsresistenz und verlängerte Sporulationsdauer) are chosen, in the other the 
resistance is due to hypersensitivity which may be due to different R-genes. 


SOME GENERAL REMARKS 


In the intervals and also in the evenings after dinner there was plenty of opportunity 
to discuss matters with various research workers in the laboratory or in the glasshouses, 
and to learn more about their investigations. A choice could thus be made according 
to one’s own work and interest, even if, through the comprehensiveness, such a choice 


was not always easy. 
In recent years the experiments and consequently the laboratories and glasshouses 


have been extended considerably. 


Gross-Lüsewitz belongs to the “Deutsche Akademie der Landwirtschaften zu 
Berlin”, and judging from the results which have been obtained under the able guid- 
ance of Prof. SCHICK, it may be concluded that the potato and the research work on 
the potato enjoys much interest. 

Prof. ScHick showed himself to be an excellent host, through the way in which the 
desires of the various participants were satisfied and through the detailed information 
which was given. A meeting on such an estate, where meals can be had in a canteen at 
the institute, and where participants can make contacts in such pleasant rural sur- 
roundings, has great advantages over the scattered lodgings and meals in big towns. 

There is no doubt, therefore, that the participants will have happy recollections of 
their sojourn at Gross-Lüsewitz. 


SAMENVATTING 


Enige indrukken van het “Institut für Pflanzenzüchtung, Gross-Lüsewitz” 


Op 14, 15 en 16 juli 1958 bezocht schrijver het symposium “Fragen zur Züchtung 
nematodenwiderstandsfähiger Kartoffeln” te Gross-Lüsewitz, een landgoed nabij de 
stad Rostock, Duitsland. 

Gross-Lüsewitz heeft een oppervlakte van ongeveer 1000 ha; jaarlijks worden 120 ha 
gebruikt voor aanleg van proefvelden. Het aldaar gevestigde veredelingsinstituut heeft 
een zeer moderne en uitgebreide outillage. De aardappel is het belangrijkste studie- 
object. 

Er is een zeer sterke centralisatie, het instituut geeft tevens leiding aan het onderzoek 
van 10 filialen in verschillende delen van de D.D.R. 

Frappant zijn de resultaten welke zijn bereikt op het gebied van de “Abbauresis- 
tenz”’. Sinds 1955 zijn een 11-tal nieuwe rassen gekweekt waaronder enkele met een 
zeer hoge resistentie tegen degeneratie. Alle nieuwe rassen zijn resistent tegen de wrat- 
ziekte, oude biotype; 2 ervan bovendien tegen de nieuwe biotypen. 
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ÄBSTRACT 


Ll. Identification of nearly 150 lettuce varieties as seedlings in the three-leaves stage 
was found possible. 


2. As in practice a limited number of varieties is used, different identification keys for 
restricted groups seem more useful than one key for all 150 varieties, which would 
be needlessly complicated. 


3. As an example, an illustrated identification key is given for the ten varieties which 
are grown in the Netherlands. 


INTRODUCTION 


The literature on the identification of lettuce varieties from the young plant is not 
extensive. EIFRIG (1) is of the opinion that, in the cotyledon stage, only loose-leaf 
tettuce can be distinguished from butterhead and, occasionally, crisp-head lettuce. The 
identification of varieties is said to be impossible. MIGUEL (3) mentions some 50 varie- 
ties which can be subdivided into about 30 distinct groups on the basis of characters of 
the colour and the juvenile leaf. 

The present author’s observations on the young lettuce plant have shown, however, 
that there are various characters by which a larger number of lettuce varieties can be 
identified. The right stage for identification has arrived as soon as the plant has formed 
three true leaves, that is still before the time of transplanting them. Thus it proved 
possible to identify nearly all of the world’s lettuce varieties (over 150) brought to- 
gether at Wageningen in connection with a study on synonymy (HUYyskrs and RODEN- 
BURG, 2). 

As in actual practice the number of varieties used somewhere is always limited, it 
was decided not to publish an identification key for these 150 varieties, as such a key 
would be needlessly complicated. 

The key here given only includes the ten varieties which are grown in the Nether- 

lands (Table 1 and Figures 1-11) and may serve as an example. The author is prepared 
to co-operate and give advice on the development of keys for other limited groups of 


varieties. 
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FtGURES 1-11. 


THE SHAPE OF THE THIRD TRUE LEAF OF THE VARIETIES MENTIONED IN THE IDENTIFICATION KEY. 

THE RIGHT-HAND LEAF IN FIG. Ì HAS A WAVY MARGIN, THE RIGHT-HAND LEAF IN FIG. 8 A MARKEDLY 
WAVY MARGIN. 

THE LEAF-MARGINS IN FIGURES 7 AND 8 ARE ALMOST EQUALLY WAVY. ÍN THE YOUNG SEEDLING, DRAWN 
BETWEEN FIGURES 9 AND 11, THE DARK PART SHOWS THE HYPOCOTYL COLOURED BY ANTHOCYANIN. 


SYNONYMS AND PARTICULARS OF THE VARIETIES LISTED 


Ll. Wonder van Voorburg (Sans Rivale à graine noire, Lilloise). In the Netherlands al- 
most entirely grown out of doors in the autumn. 
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2a. Blackpool. A forcing variety mainly grown in England. It is only mentioned here 


en 


LIE 


for comparison with Proeftuins Blackpool. 


Proeftuins Blackpool. In 1949 selected from Blackpool by the Proefstation voor de 
Groente- en Fruitteelt onder Glas (Horticultural Experiment Station at Naald- 
wijk, Netherlands). Strangely enough, it bears no resemblance whatever to Black- 
pool. Specially suited for winter production under glass. The juvenile leaves of 
Blackpool (Fig. 2A) are rounder than those of Proeftuins Blackpool (Fig. 2). 


. Zwart Duits (Passe Partout, Fürchtenichts, All the Year Round). 


A summer variety. 


„ Resistent. A summer variety of which the young plants are not readily distinguish- 


able from Zomerkoningin. 


. Zomerkoningin (Kagraner Sommer). 


A summer variety somewhat resembling Resistent, but larger in size and forming 
heads that are not quite so firm and less dark green in colour. 


. Regina. 


Raised in the Netherlands and introduced in 1952. Specially suited for winter pro- 
duction in hothouses. 


. Victoria. 


Under this name various strains are encountered which differ in earliness and size, 
and of which the young plants, too, show fairly large differences. Notably in the 
so-called “Improved Victoria”, a more voluminous type, the upper half of the 
juvenile leaf is fairly broad and the base fairly narrow (Fig. 7). The leaf margin is 
markedly, yet finely dented. Early strains in the Victoria group, e.g. Premice, 
which is much smaller in size, have a somewhat less markedly and less finely 
dented juvenile leaf and a slightly broader leaf-base. 

In the Netherlands mainly grown in the spring in frames of which the lights are 
taken off before the heads are ripe for harvest. Also for growing in the open in 


spring. 


.„ Attractie (Sans Rivale à graine blanche, White Boston, Borough Wonder). 


Well-known summer variety. 


. Glorie van Nantes (Gloire de Nantes, Feltham King, Wunder von 1 Feltham). 
10. 


Meikoningin (Reine de mai, May King, Maikönig). 

For early production in the open and for growing under glass. The principal 
character for identification is the purplish hypocotyl. In many instances the plants, 
including the leaves, are entirely red (anthocyanin), particularly in cold or very dry 
weather and also when the growth of the plants is arrested after they have been set 
out. Under warm conditions. the leaves do not turn red. In Meikoningin, however, 
the hypocotyl always assumes a more or less red colour, even in plants grown un- 
der warm conditions. In the latter case the coloration.is less marked. 


Interrex 
In the Netherlands selected from Meikoningin. Introduced in 1952. Specially suited 


for growing in coldhouses in early spring. In the young plants the differences 
between Meikoningin and Interrex are not very great and difficult to determine. 
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CHECKING THE IDENTIFICATION KEY 


During a course given to practical plant breeders the participants were invited to 


identify from the key here given the young plants of the 10 lettuce varieties which are 
grown in the Netherlands. The young plants had been specially grown for the purpose. 
The results were very satisfactory (see Fig. 12). 


FIGURE 12. PROFESSIONAL PLANT BREEDERS AT WORK IDENTIFYING YOUNG LETTUCE PLANTS, WHICH 


Nd 


HAD BEEN SPECIALLY GROWN FOR THE PURPOSE. Photo L.V.T. 


SAMENVATTING 
De identificatie van slarassen aan de jonge plant 


. Het is mogelijk gebleken bijna alle 150 rassen van een verzameling slarassen te 


determineren aan de jonge plant. 


„ Daar men in de praktijk steeds met kleinere groepen van rassen werkt, schijnen ver- 


schillende identificatie schema’s voor beperkte groepen nuttiger dan een schema 
voor alle 150 rassen. Dit laatste zou nodeloos ingewikkeld zijn. 


. Als voorbeeld wordt een geïllustreerd determinatie-schema gegeven voor de tien 


rassen welke in Nederland worden geteeld. 
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ABSTRACT 


„ The influence of the oxygen content of the soil on the total carotenoid content of 
carrots was studied in pot cultures. Two methods were used. 

. Blocking the gas exchange of the pot soil by paraffin coating stopped both the 
primary vegetative growth and the ripening of the roots within a very short time. 
Therefore this method was not satisfactory for a study of the reaction of the ripening 
equilibrium. 

„ By maintaining different constant oxygen levels in the pot soils, it was found that an 
oxygen level of 6% or less reduces root thickening and colouring more than its 
primary vegetative growth. Oxygen levels of 9.5 % or more did not affect the ripen- 
ing equilibrium of the roots. 

‚<. The oxygen content of the atmosphere did not influence the total carotenoid con- 
tent of stored carrots. 

. If calculated on a dry matter basis, stored carrots showed an increase in total carote- 
noids, but, if calculated on the basis of crude fibre there was no increase. Evidently 
there is no real increase in total carotenoids after harvest, but a decrease in dry 
matter. 


INTRODUCTION 


The here published experiments are part of an attempt to learn more about the 
factors that control the carotene content of carrots, in order to have a better basis for 
the breeding work in this field. Carotene contents easily fluctuate under different grow- 
ing conditions. Therefore a genetical analysis is possible only after the non-genetical 
controlling factors have been found out. 

It was known that the carotene content generally increases with the increase in size 
of the roots till a kind of maximum content has been reached. After this the root may 
still grow larger without the carotene content increasing to any significant extent. 

As the maximum may differ in different seasons, it does, unfortunately, not furnish 
a stable point in the determination of a representative value of the carotene content. 
Therefore it was thought that the carotene content in relation to the root weight at- 
tained might be more satisfactory, presumed that it is determined before the maximum 
content is reached. It was shown that the carotene content calculated on the basis of 
dry weight in proportion to the root weight as expressed in grammes of dry weight (— 
dry root weight) gives a safer value than the same proportion calculated on the fresh 


weight basis (1). 
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It was further shown that the carotene content depends very much on the position 
of the equilibrium primary vegetative growth _ root ripening (root thickening and co- 
louring). 

The more the carrot grows while this equilibrium is shifted to the left, the lower will 
be the carotene content in proportion to the dry root weight attained. The more it 
grows while the equilibrium is shifted to the right, the higher will be the relative caro- 
tene content. It was possible to prove that two factors influence this equilibrium to a 
great extent, especially when they both work at the same time. These factors are tem- 
perature and planting distance. A low temperature and (or) a large planting distance 
cause the equilibrium to shift to the left, and consequently induce a low relative caro- 
tene content. A high temperature and (or) a small planting distance cause the equili- 
brium to shift to the right and cause a high relative carotene content (2, 3). 

The impression was gained that gas exchange of the soil might possibly be a third 
factor influencing the equilibrium mentioned above. MILLER, COCHRAN and GARRISON 
(7) state that carrots grown in Lintonia silt loam in Louisiana had a considerably 
higher percentage of badly coloured roots than when grown in three other soil types. 
They thought that the bad colouring of the roots in the Lintonia silt loam was caused 
by its poor aeration. Dr. Mirrek told us later that the real cause has not further been 
investigated as the problem was solved by growing the carrots on ridges. Further, from 
casual observations in field experiments at Wageningen we also thought it possible that 
poor aeration of the soil might be a factor. As field experiments can indicate but not 
easily solve a problem like this, we started a series of pot-experiments in one of the 
glasshouses of our Phytotron under controlled conditions. 

The experiments were made with the same selection of the variety Amsterdam Forcing 
as was used in the foregoing experiments (1, 2, 3). The plants were grown in glazed 
earthenware 30 liter pots. Also the analytical methods used for the determination of 
total carotenoids were the same. Mr. L. SMEETS, head of the Phytotron, was respons- 
ible for the temperature and light conditions. Mostly only natural light was used. Only 
in one of the experiments (57 C) some additional incandescent light was given from 
the beginning of January till April 29. The temperature was always 17°C, except during 
the last part of the growing period of Experiment 57 C. In this experiment the tempera- 
ture was raised from 17°C to 20°C on April 29. Attempts were made to transplant very 
young seedlings without harming the small tap roots. But this was no success, for when 
harvested, the plants transplanted in this way all appeared to be not normally elon- 
gated but stumped. Evidently we had not succeeded in saving the small taproots. 
Therefore later we just sowed thickly and tried to approach the same planting distance 
by thinning out afterwards. 


BLOCKING THE GAS EXCHANGE BY PARAFFIN COATING 


COSTER (6) studied the sensitiveness of plants to lack of oxygen by growing them in 
pots till they were about 25 to 30 cm high, and then sinking the pots in large containers 
with oxygen-free tapwater. This was done in such a way that the water stood just 
above the pots, but the stems and leaves of the plants reached in the air. The water was 
then covered with a 3 mm layer of liquid paraffin to block the gas exchange. The 
number of days till the plants died was found to be a criterium for their sensitiveness 
to lack of oxygen in the soil. 
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For our analyses we needed living carrots which had just grown for some time in an 
atmosphere with a reduced oxygen content. Therefore the reduction in the oxygen 
content obtained by this method evidently was too strong. Instead we tried paraffin 
coatings on the top of the soil in containers as used for fertilizing experiments. 

We found that a melted mixture of beeswax, hard paraffìn, and liquid paraffin in the 
ratio of 2:1:32 was satisfactory. This mixture is liquid at about 28-30°C, and therefore 
does not damage the foliage, when applied to pots with growing plants. Higher melting 
mixtures, containing less liquid paraffin, are apt to develop cracks, through which 
aeration is possible. 

A constant water table was maintained in the containers by a mechanism as is used 
with water closets (see fig. 1). 


PIG. 1. AUTOMATIC CONTROL OF WATER TABLE IN POT BY MEANS OF A WATER CLOSET MECHANISM. 

Vertical section through water-container A and pot B. The water-container A is in open con- 
nection with the water-supply at a. When the water level in container A falls, the float c also 
moves downward, thereby opening a valve b, letting water into the container till the float has 
risen so much that the valve b has closed again. At d and e are horizontal rows of water outlets 
each of which can be connected by means of a rubber tube with a pot. If a pot has no inlet at 
the bottom, water can be brought in near the bottom by putting a bent glass tube (g) in the pot. 
Its lower opening is protected by a piece of bronze gauze (h). The bottom of the pot is covered 
with gravel (1) to allow the water to spread over the whole width of the pot. 
Ordinarily for every set of pots with the same water table one apparatus is needed. If it is 
adjusted to the pots with the highest water tables, it may control at the same time the pots 
with the lower water tables if these pots are given an accordingly raised position. But as the 
light conditions may then be different for the different pots, this is not advisable. 


As a high water table leaves less space for air in the pot soil than a low one, we first 
used water tables of different heights in addition to paraffin covering of the pot soil, to 
create different gas excange conditions in the containers. For the study of the influence 
of a blocked gas exchange this did not prove very useful. But jt was interesting to 
observe that in the non-coated pots, a difference in the height of the water table may 
have the same effect as a difference in the planting distances (see 4, fig. 5). 


THE INFLUENCE OF A BLOCKED GAS EXCHANGE ON THE GROWTH AND THE RIPENING 
EQUILIBRIUM OF CARROTS 

In Exp. 57 C only one water table was maintained (25 cm), but four successive pa- 
raffin applications were given to different groups of pots, in order to promote the 
chance of seeing a possible gradual transition in their effect. There were four successive 
harvests, one pot of each treatment per harvest. 


249 


O. BANGA, C.S. 


After the carrots had grown for some time they were weighed and analysed for total 
carotenoids and dry matter. The average dry root weights and t.c. contents were then 
calculated. They are graphically represented in fig. 2. 


LACH 
(MG/IOG OF DRY MATTER) 
7 KE) 
13 3 
EXP. 57C 7 20 
6 14 2 (25 
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NRS.12. 2.13.19. 
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NRS.15.1.7.18 NRS. 14.5. 3 .20 
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MARCH 14 
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AVERAGE DRY ROOT WEIGHT (G) 


Fia. 2. IN EXP. 57 C THE TREND OF THE T.C. CONTENTS IN PROPORTION TO THE DRY ROOT WEIGHTS 
ATTAINED AT THE TREATMENTS INDICATED CAN BE EXPRESSED BY A RISING STRAIGHT LINE TILL A 
DRY ROOT WEIGHT OF ABOUT 1.4 G, AND AFTER THAT BY A STRAIGHT LINE THAT HARDLY RISES 
ANY MORE. 
Every paraffin application, indicated by a different date, applies to four pots, which were 
successively harvested. See below. 
Each pot is-indicated by a number. The last-harvested pots of the first two applications are 
missing, because the plants had become too weak. 


Päraffin Harvest 
applications May 1 May 15 May 20 May 24 
March 14 9 10 16 — 
20 6 17 11 — 
April 13 15 l 7 18 
ZO == 12 2 13,19 
no paraffin 14 ) 3 20 


A normal curve can be drawn through the t.c./dry root weight points. It is a rising 
straight line for the first three paraffin applications. Then, for the last paraffn applica- 
tion and ‘no paraffin’, it is a straight line that hardly rises any more, evidently because 
the maximum t.c.-content had been reached. 

Each point along the curve represents a pot and is indicated by its pot-number, as a 
key to its treatment. 

From the position of the points along the curve it appears that: 


a. The first three paraffin applications (March 14, 29, April 13) have reduced the 
growth of the roots very clearly; they did so the more the earlier the paraffin was 
applied (see also fig. 3). 

b. The last paraffin application (April 29) did not reduce the growth of the roots 
any more. 


As the points of the first three paraffin applications are situated along one straight 
line, the relation between the t.c.-contents and the dry root weights has remained the 
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10 11 15 13 20 


Fi. 3. FIVE STAGES OF DEVELOPMENT ALONG THE LINE OF FIG. 2, RESPECTIVELY REPRESENTING THE POTS 


no 10 (paraffin application since March 14) 


MOM Ees 3 „… March 29) 
ONK E E ee zo ZADEN IS) 
no 5 ee … April 29; similar to no paraffin application in one of the 


earliest harvests) 
no 20 (no paraffin application; last harvest) 
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FIG. 6. SAMPLES OF ROOTS HARVESTED IN EXP. 58B. 


1 From pot without paraffin coating at the time of starting the different treatments (April 22) 
2 From pot with 14% O; during 2 weeks (May 7) 

OE Ao OE 55 
AN OR Ore 
5) EE) EE) EE) 9} %o Os EE) 
On EL IN NO EE 
7 
8 


on 


„, EE) EE) 18 Vo O» 2 
From untreated pot on May 19 
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same. Consequently, it would appear that the equilibrium primary vegetative growth 
£ root ripening is not affected by a reduced gas exchange. This was indeed our first 
impression. 

But there were two facts that warned us that this impression might be wrong. The 
ûrst was that the average dry root weight of any of the three treatments has not ob- 
viously increased in the successive harvests. The second was that the smell and the 
colour of the soil of the pots of the first three treatments indicated that its oxydo-re- 
duction equilibrium was shifted very much to reduction. It seemed quite possible, 
therefore, that normal growth and ripening had proceeded till the oxygen was ex- 
hausted, and that then both had abruptly stopped. A quick exhaustion of the oxygen 
and a subsequent abrupt stopping of growth and of root thickening and colouring 
would just fix the situation in every pot as it was by the end of the gas exchange. Any 
shifting of the equilibrium primary vegetative growth _ root ripening would then be 
_ impossible. 

Therefore we have started another series of experiments in which the plants were 
grown at different more or less constant levels of oxygen in the pot soil. 


MAINTAINING CONSTANT OXYGEN LEVELS IN POT SOILS 


Our method was very similar to that used by-MORITA (8), who made experiments 
with fruit seedlings.* Each of his pots contained one seedling, inserted through a hole 
in a rubber stopper, which had two other holes, one for the gas outlet and one for 
irrigation. This stopper was passed through a hole in an iron plate, which by means of 
a rubber ring hermetically closed the pot. The gas inlet was just above the bottom of 
the pot. 

We used the positioning shown in fig. 4. We preferred the automatic control of the 
water table in the pots by means of the water closet apparatus shown in fig. 1, as it 
seems to be more efficient as well as easier. Further, we did not grow one plant per 
pot, but quite a number of plants. The paraffin coating discussed in a previous section 
proved to be a good air-barrier for this case. 

The gas-mixtures were prepared in 25-liter demijohns (see fig. 4C) by filling them 
entirely or partially with water, and then removing this water by siphoning off, at the 
same time leading in nitrogen and (or) air. In this way gas-mixtures were prepared 
with 0, 7, and 14% oxygen; in addition air was used (21 % oxygen). 

The gas was gradually driven out from the demijohns by filling them slowly with 
water from a tank (fig. 4D), which, neariy at the bottom, was provided with twenty 
tubes for connection with the different demijohns. 

At the gas outlet E‚ the gas was analysed with the aid of an Orsatapparatus. The 
velocity of the gas-stream was about 2 I/h. This velocity was necessary because of the 
great quantity of oxygen taken up by the roots and the carbondioxyde they produced. 
It was also useful to avoid too great an influence of some leaking, which occurred in 
some of the experiments. 


* We very much want to thank Professor TADAYOSHI SUGIYAMA, Faculty of Agriculture, 
University of Tokyo, for his kind and efficient explanation of the method used by the late scientist 
Y. Morra, pomologist in the National Institute for Agricultural Sciences of Japan, Hiratsuka, 


Kanagawa. 
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Fi. 4. APPARATUS USED FOR MAINTAINING CONSTANT OXYGEN LEVELS IN THE POT SOILS. 


Demijohn C contains the gas mixture that has to pass the soil in pot B. It enters near the 
bottom and leaves at E. The velocity of the gas stream is controlled by the water flow from 
tank D into the demijohn C. For further particulars see text. 


THE INFLUENCE OF DIFFERENT OXYGEN LEVELS ON THE GROWTH AND THE RIPENING 
EQUILIBRIUM OF CARROTS 


In Exp. 58 B twenty 30-liter glazed earthenware pots were prepared as indicated. In 
each of them the carrot Amsterdam Forcing was sown and grown at 17°C till the 
plants were half grown. Then 2 pots were harvested and the carrots analysed, 2 pots 
were left untouched, while the soil surface of the other 16 pots was coated with the 
paraffin mixture. Of these 16 pots four received a gas current of 0% Os, four of 7 % Os, 
four of 14% O, and four of 21 % Os. After having passed a pot the gas stream was 
regularly analysed for O, and CO, content. As some tube systems evidently showed 
some leakage, the O, content at the outlet of some of the pots was a little higher than 
was expected. The average Oy content at the outlet of a pot is taken as the best charac- 
teristic of its O, level. 

The treatments started on April 22. Two pots per treatment were harvested on May 7. 
Two other ones were harvested on May 19. But then most of the roots at the lower Os 
levels showed sighns of rot. Therefore only the results of the first harvest will be used. 
They have been graphically represented in fig. 5. The carbondioxyde contents of the 
gas stream at the outlet of a pot did not exceed 2.3 % and in most cases were lower. The 
different t.c.-dry root weight points in fig. 5 are indicated by the average oxygencon- 
tent as measured at the outlet of the corresponding pots. 
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Fro. 5. A CURVE HAS BEEN DRAWN THROUGH THE POINTS FOR THE FOUR POTS WITHOUT PARAFFIN (©). 
THIS SHOWS THE NORMAL TREND OF THE T.C. CONTENTS IN PROPORTION TO THE DRY ROOT 
WEIGHTS ATTAINED. THE POINTS FOR POTS WITH AN OXYGEN LEVEL OF 9.5% AND MORE ARE 
SITUATED ON OR NEAR THE NORMAL CURVE. THOSE WITH AN OXYGEN LEVEL OF 6.0 % AND LESS 
ARE WELL BELOW THE NORMAL CURVE. 


In fig. 5 first a curve has been drawn through the points for the four pots without 
paraffin (©). This shows the normal trend of the t.c.-contents in proportion to the dry 
root weights attained. The two pots with a small dry root weight were harvested on 
April 22, the pot with an average dry root weight of 0.77 g on May 7, and that with an 
average dry root weight of 1.8 g on May 19. 

After the normal curve had been drawn the t.c.-dry root weight points for the other 
pots were inserted. Those for pots with an oxygen level of 9.5 %/ or more appear to be 
situated on or near the normal curve. Those with an oxygen level of 6.0% and lower 
are well below the normal curve. Mr. J. H. A. FERGUSON, head of the statistical de- 
partment of our institute, found a positive correlation coefficient of 0.81 between the 
deviations of the t.c.-contents from the normal curve and the oxygen level. This cor- 
relation is significant at the 5 % level, and means that the lower t.c.-contents are indeed 
correlated with the lower oxygen levels. 

So it appears that a low oxygen level of 6% and less may reduce the root ripening 
(thickening and colouring) more than its primary vegetative growth. 

The equilibrium primary vegetative growth _ root ripening (thickening and colouring) 
is shifted to the left. Poor aeration of a soil may be another cause for a bad shape and 
a bad colour of carrots. 


CHROMOGENESIS IN STORED ROOTS? 


Boor (5) stored freshly harvested carrots at 6°C in a closed tin box, and found that 
the t.c. content, calculated on a fresh weight basis, increased about 11 % in 60 days 
and decreased thereafter. His conclusion was that a colourless substance was converted 


into a coloured one (chromogenesis). Was the decrease after 60 days 6°C possibly 


caused by the exhaustion of the oxygen in the closed tin box? And could the subnormal 
t.c. contents at low oxygen levels in Experiment 58 B have a similar cause? 

To make sure we did two experiments with carrots freshly harvested from the field 
of the same selection of Amsterdam Forcing as was used all the time. Samples of these 
carrots were analysed directly after harvest, and other ones after storage for one 
week at room temperature in a dark room (in open air, or in a closed 25 liter container 
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with air, nitrogen or 50% oxygen). The t.c. contents and the average root weights were 
calculated on the dry weight basis, but also on the basis of crude fibre-content. 

The results of the two experiments were similar. Therefore only those of the largest 
one will be reported. A group of freshly harvested carrots was graded according to size. 
Their number was not big enough to make a large group of one size. Therefore three 
groups were made, one of a small, one of a medium, and one of a larger size. From 


tc. 
PERCENTAGE CALCULATED ON CRUDE FIBRE BASIS 
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©, 
N 
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Fig. 7. BEACH OF THREE SIZE-GROUPS OF FRESHLY HARVESTED CARROTS WAS DEVIDED INTO FIVE SAMPLES. 
IN EACH SAMPLE THE TOTAL CAROTENOID CONTENT AND THE AVERAGE ROOT WEIGHT WERE DETER- 
MINED, BOTH ON THE DRY MATTER BASIS AND ON THE BASIS OF THE CRUDE FIBRE CONTENT. ÍN 
ONE SAMPLE OF EACH GROUP THIS WAS DONE DIRECTLY AFTER HARVESTING, IN FOUR AFTER 
HAVING BEEN STORED DURING ONE WEEK IN DIFFERENT ATMOSPHERES. 


e _— analysed directly after harvesting. 

Analysis of atmosphere at end of storage 

%o Oz % CO» 

small | med. large | small med. | large 

N — storagein nitrogen 0.4 0.1 0.6 4.2 6.9 10.6 
@ Sistorageimelossam mio ON INS 9.8 4,8 9,5 | 10.8 
© — storage in open air — | Te | = | == == | En 
— storage in 50% O, | 41.8 | 39.2 35.6 6.2 8.8 | 11.9 


The lower half of the figure shows for each group the curve for the t.c. contents in proportion 
to the dry root weights on the dry weight basis. The upper half shows the same on the basis 
of crude fibre content. 
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each group five samples of twenty were taken, of which one was directly analysed, and 
the other four were treated as indicated, and subsequently analysed. 

The results are presented in fig. 7. 

The average root weights of the samples of one group were still different. Therefore 
the relation between the t.c. content and the average root weight is given by the usual 
curve, but now separately for each group. 

In the lower half of fig. 7 the data are calculated on the dry weight basis. It will be 
seen that on this basis the t‚c. content of all the stored samples has considerably in- 
ereased over the tc. content of the freshly harvested carrots. But it does not make any 
difference if the carrots were stored in nitrogen, in an air-tight container, in open air, or 
in an extra high concentration of oxygen. 

In the upper half of fig. 7 the data are calculated on the basis of crude fibre content. 
Again the oxygen content of the atmosphere in which the carrots were stored did not 
change the t.c. content in its proportion to the average root weight. 

But in addition there is no difference any more between freshly harvested and stored 
carrots. 

This leads to two conclusions: 


a. The seeming increase of the t.c. content in carrots after storage is not real, but in 
fact depends on a decrease in dry matter. 

b. The oxygen level of the atmosphere did not affect the t.c. content of the stored 
carrots. Therefore, it seems highly improbable that the sub-normal t.c. content of 
the carrots that had grown at a low oxygen level in the soil was directly caused 
by the atmosphere itself. The conclusion that it is caused by the internal phy- 
siological condition of the roots as a consequence of the equili-brium primary ve- 
getative growth _ root ripening being shifted to the left, can be maintained. 


SAMENVATTING 
Invloed van een laag zuurstofgehalte van de grond op het caroteengehalte van wortels 


1. De invloed van het zuurstofgehalte van de grond op het totaal carotenoide-gehalte 
van wortels is nagegaan in potcultures. Twee methoden zijn gebruikt. 

2. Afsluiting van de gaswisseling van de pot door het aanbrengen van een paraffine- 
laag stopte zowel de primaire vegetatieve groei als de rijping van de wortels zeer 
snel. Deze methode was daardoor niet geschikt voor een studie van de reactie van 
het rijpingsevenwicht. 

3. Door het handhaven van verschillende constante zuurstofniveau’s in de potgron- 
den, kon worden vastgesteld dat een zuurstofniveau van 6% of minder de verdik- 
king en kleuring van de wortel meer tegenhoudt dan zijn primaire vegetatieve groei. 
Zuurstofniveau’s van 9,5% of hoger hadden geen invloed op het rijpingsevenwicht 

…_ van de wortels. 

4. Het zuurstofgehalte van de atmosfeer had geen direkte invloed op het totaal caro- 
tenoidegehalte van bewaarde wortels. 

5. Indien berekend op een droge stof basis, vertoonden bewaarde wortels een toe- 
neming van het totaal carotenoide gehalte, maar er was geen toeneming, indien de 
berekening geschiedde op de basis van het ruw vezel gehalte. Blijkbaar was er na de 
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oogst geen werkelijke toeneming van het totaal carotenoide gehalte, maar een af- 
neming van de droge stof. 
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ABSTRACT 


Three stages in the history of the utilization of wild potatoes are outlined, and it is 
suggested that we are now entering on a fourth stage, typified by a fuller international 
co-operation than has hitherto been possible. 

The availability of useful genes is considered in the light of our knowledge of the 
crossability and evolutionary relationships of potato species. Breeding mechanisms in 
‚species at various levels of ploidy are shown to play an important part in speciation, 
‚and the significant role of asexual reproduction in potatoes is discussed. 

The geographical localization of most genes carrying resistance to Phytophthora, 
viruses, Heterodera, Leptinotarsa and frost is discussed. Certain explanations to account 
for this localization are put forward. 


INTRODUCTION 


Interest in the use of wild potatoes for breeding began over 100 years ago, when 
SABINE (1824) and LINDLEY (1848) in England, SCHLECHTENDAL (1833) and KLOTZSCH 
(1849) in Germany and AsA GRAY (1856) in America pointed out that new introduc- 
tions were needed to “rejuvenate”’ our potato stocks and help to combat the diseases 
known at that time. 

From 1824 to 1909 several attempts were made to use isolated collections of wild 

species sent back by travellers from South America or Mexico. In this first stage of wild 
potato utilization little success was obtained in attempts at hybridizing wild species 
„with Solanum tuberosum because the two which were chiefly used, namely, S. commer- 
‚sonii and S.maglia, had been collected in the form of highly sterile triploid clones. 
‚Other workers, with more enthusiasm than knowledge, attempted to turn a number of 
the recently introduced wild species into the cultivated potato by growing them in rich 
‚soil with plenty of manure and other fertilizers. The problem of resistance to Phyto- 
phthora, which should have been uppermost in their minds was put to one side. LiND- 
‘LEY and KrorzscH, indeed, made some observations on apparent immunity from 
‚attack in certain species. Unfortunately, however, although LINDLEY grew S$. demissum, 
‚a species that was later used universally as a source of resistance to Phytophthora, the 
‘strain in his possession seems to have been susceptible. 


The second stage in the utilization of wild potatoes dates from 1909, when SALAMAN 
((22) demonstrated resistance to Phytophthora in S.demissum, S.edinense and their 
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hybrids with S. tuberosum. This was quickly followed by the work of Mürrer in Ger- 
many and Reppick in the United States, both of whom worked with S.demissum. 
Many other workers in the first two decades of this century were continuing with the 
use of isolated examples of various species, and some of them even made special trips 
to the New World to collect material (VERNE, 1911, WicHr, 1916). They were greatly 
handicapped at this period by the lack of takonomic work on the genus, and their 
expeditions were thus rendered of little consequence. Nevertheless at about this period 
the taxonomic foundations were being laid by Birrer (1911-13) in Germany, who 
worked almost entirely on dried herbarium material. 

All through these two stages there was a parallel line of enquiry and investigation 
which concerned itself with the place of origin of our cultivated potato S. tuberosum 
and the wild species from which it had been derived. Although this was perhaps rather 
an academic question it nevertheless produced cross links with the more practical 
aspects of the breeding value of wild species; and the two subjects then, as now, cannot 
really be completely separated. 


The third phase of wild species utilization begins in 1925 with the large expeditions 
and subsequent detailed studies of the Russian plant breeders S. M. BUKAsOv, S. JU- 
ZEPCZUK and N. I. VAviLov. Here was made for the first time, during the period 1925 
1933 and under the inspired leadership of N. IL. VAviLov, an attempt at an all-em- 
bracing survey of the genetic variability of the whole group. 

It would be hardly an overstatement to say that this work, by virtue of the amazing 
amount of wild and primitive cultivated material collected, and the extensive and de- 
tailed tests to which it was later submitted, laid the foundations and set the pattern 
for all future work in which primitive forms were used. For the first time the hitherto 
neglected primitive cultivated species and the more primitive forms of S. tuberosum 
itself were sampled. Indeed, until these expeditions came back it was not realized that 
there was more than the one cultigen S. tuberosum, instead of the now familiar poly- 
ploid series. No less startling results came from the wild species, in some of which frost 
resistance was for the first time demonstrated. 

The work of the Russian geneticists and plant breeders was quickly followed by 
similar, though generally smaller, collecting expeditions from other countries such as 
Germany, Sweden, the United States and Great Britain. These resulted in the setting 
up of living stores (germ-plasm banks) of genetic material such as the ERWIN BAUR 
Sortiment in Germany, the Commonwealth Potato Collection in England, and the 
American Potato Collection at Sturgeon Bay, Wisconsin. 

Perhaps it is not too fantastic to consider that we may now be entering a fourth 
period, in which utilization of wild material is based on a comprehensive plan for 
Europe as a whole, rather than on a number of separate ones for each country. I shall 
return to this point at the end of this communication. 


After this brief historical survey of the use of wild and primitive forms of potatoes, 
before passing to a discussion of their breeding value, 1 wish to review the pattern of 
variability in the tuber-bearing group. Time does not permit a detailed presentation of 
the taxonomy and range of morphological variation, but 1 wish to dwell on the breed- 
ing mechanisms, so far as they are known, the natural barriers to gene interchange and 
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the processes of evolution that can be discerned in the group. All this is of obvious im- 
portance in the practical utilization of wild and primitive potatoes, and for this reason 
I wish to deal with it first. 


THE PATTERN OF VARIABILITY IN THE TUBER-BEARING GROUP 


Evolution in the tuber-bearing Solanums has taken place in such a way that although 
most genetic characters are available to the plant breeder, some are more readily acces- 
sible than others. By this IT mean that sterility barriers between most species are not 
absolute, though problems of polyploidy and partial sterility make it difficult to trans- 
fer genes from certain species to Solanum tuberosum. 

Our problem is considerably more difficult than that of the maize breeders, for in 
Zea the whole store of variability is available within a single cultivated species, and all 
the varieties of it possess the same chromosome number. With wheat and cotton a 
number of distinct commercially grown cultivated species are known, in the former 
tetraploids and hexaploids, in the latter diploids and tetraploids. Yet in potatoes we 
have only one commercially cultivated species, the tetraploid Solanum tuberosum, 
whilst cultivated diploids, triploids and pentaploids are only found in Indian cultures 
and are so far of little or no value outside the South American Andes. Thus, whereas 
in wheat and barley probably the most useful characters are found within the plexus of 
cultivated forms, and wild species are very restricted both in number and variability, 
the reverse holds true for potatoes where on a conservative estimate there are over 100 
wild and seven primitive cultivated species in addition to S. tuberosum itself. In potato 
breeding therefore we must contend with the sterilities consequent on crossing species 
together if we wish to introduce certain genetic characters from the wild species into 
our cultivated varieties. The situation is not by any means hopeless, since a large number 
of species are rather young and closely related to each other and to S. tuberosum, so 
that when these are used, fertility in the F, hybrids is high. 

In the group of cultivated species there are differences in level of ploidy ranging 
from diploid to pentaploid. Yet by far the greatest degree of variability is to be found 
within the single tetraploid species S. tuberosum, and especially in its more primitive 
subspecies andigena. Here we have a wide range of tuber colour, shape, texture and 
biochemical composition but a much smaller range of disease and frost resistance and 
adaptation to different ecological conditions. The other cultivated species, despite our 
first optimistic hopes, possess few characters of value not found already in S. tubero- 
sum. Thus, so far, the increased frost resistance in some, and possibly higher protein 
and vitamin C in others are the only characters for which the primitive cultivated 
species can be utilized. 

Outside the cultivated species the wild tuber bearing relatives of the domestic potato 
‚_can be arranged into two large intersterile but intrafertile groups. Luckily the largest of 
these groups also contains $.tuberosum so that the genetic variability of most wild 
species can therefore be transferred to it with comparative ease. On the other hand the 
short chromosomes in the potato and consequent low chiasma frequency (1-0-1-68 in 
diploid species) result in block gene transfer with the consequence that deleterious 
_ genes may sometimes need a large number of backcross generations to remove them if 

they are placed rather near to the useful ones which the breeder wishes to retain. The 
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fact that genome differentiation has not progressed far makes it possible for chromo- 
somes from most species to pair together and exchange genes by crossing over — a fact 
that is of great use to the plant breeder though rather troublesome to the cytologist, 
who for this reason cannot make a genome analysis in the classical way. 

We previously mentioned the two main intersterile and intrafertile groups of species. 
These groups are not the taxonomic ones, though there is some correspondence be- 
tween them. The tuber-bearing species are placed for taxonomic reasons into 15 series 
and these may further be arranged according to their degree of fertility and sterility 


(Fig. 1. 
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In this scheme I have noted five fertility groups, but since three of them (number U, 
HI and V) only possess one species each, two groups with a fairly large number of 
species (L and IV) remain, and it is these to which I have already referred. Group 1 
contains all the South American species (including S.tuberosum) and two series of 
Mexican ones, whilst groups II-V contain Mexican species only. The dotted lines be- 
tween the groups indicate either that occasional hybrids between them are possible 
though very difficult to make (x) or that they have been reported in the literature but 
not confirmed(?). No hybrids between group V and any of the others have yet been 
reported. 


This grouping also corresponds with preliminary results of serological tests (GELL, 
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WRIGHT and HAwkes, 8) in which it has been possible to show that all species in group Ì 
givea gel-diffusion spectrum when tested with S. tuberosum antiserum of 5 lines. The 
reaction of species in groups II and III was also similar, but those in group IV gave 
only a 3-line spectrum, whilst group V gave a single-line one. Since these results are 
based on similarities of differences of proteins, which are a fundamental part of the 
protoplasm of the living species it would seem possible that species in groups I, II and 
{II would stand a reasonable chance of “combining” well. On the other hand species 
in these three groups might possibly “combine” poorly with those in group IV and 
very badly with group V if we ever manage to obtain hybrids at all. What I mean by 
“combine” in this sense 1 can best illustrate by an example. The German cytologist 
PROPACH (16) analysed cytologically a hybrid between S. jamesii (series Pinnatisecta, 
Group IV) and S.polyadenium (series Polyadenia, Group II); similarly the Russian 
cytologist EMME (7) analysed a hybrid between S. jamesii and S.phureja (series Tube- 
rosa, Group I). Both these workers found regular bivalent pairing in the F‚ and abun- 
dant pollen; yet these hybrids were completely sterile. IT would not care to conclude 
from these two results that hybrids between group IV and any others would always be 
sterile, but it seems very likely that there would be considerable difficulties in the trans- 
ference of genes from it to S. tuberosum. Nevertheless, by means of some technique 
such as embryo culture or the germination of pollen on cut styles (see SWAMINATHAN, 
24) it may ultimately be possible to have genes from all or most of these groups avail- 
able to the breeder if he needs them. Perhaps he will not, however, since even at the 
present there is a very large unit of potential hybridization available and there are very 
few species with genes of economic importance which cannot be hybridized with S. 
tuberosum in some way or other. 

This large reservoir of species all of which can be hybridized together and whose F, 
hybrids show regular chromosome pairing leads one to suspect that the group as a 
whole is comparatively young. Indeed we are coming more and more to the conclusion 
that the most primitive representatives of the tuber-bearing section of Solanum are the 
Mexican groups IV and V, already referred to, whilst the South American series in 
group I have all developed in a burst of quite recent evolutionary activity, probably no 
earlier than Eocene times or even later. 

Many breeders and most taxonomists have been confused and worried at the great 
infra-specific variation found in potato species. This induced us at first to try by more 
and more subdivision to arrive at some ultimately uniform though small takonomic 
unit. Such a unit, we quickly found, was no more than the clone, or unit of asexual 
reproduction, which no modern taxonomist would call a species. The solution to the 
problem, Iam personally convinced, lay in the opposite approach, that of the large, 
highly variable species, hard to define and describe taxonomically but in the end much 
easier to identify. The key to this solution lay in the breeding mechanism since only a 
highly developed inbreeding mechanism would be likely to provide a large number of 
very small units or species, whilst a largely obligatory outbreeding mechanism would 
result generally in a smaller number of species with a great deal of variation in each. 
It is this latter mechanism which obtains in potatoes. 

But the allogamous sexual reproduction is complemented by vegetative tuber pro- 
pagation, so that the potato is able to take advantage of either or both in such pro- 
portions and under such circumstances as suit it best. The wide range of variability can 
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thus allow an exploitation of numerous habitat types, whilst once a successful coloni- 
zation has taken place in any one area sexual reproduction can then be replaced by 
vegetative reproduction, producing a theoretically infinite number of exact replicas of 
the initially successful biotype. 

Nevertheless, this asexual reproduction is limited by two factors: (L) a possible in- 
fection by virus or fungus diseases to which potatoes seem particularly susceptible, (II) 
competition from natural vegetation. Most wild potatoes are plants of disturbed or 
sub-climax vegetation and die out completely when the natural climax is restored. For 
a continuance of the species sexual reproduction by means of seeds which can remain 
dormant for long periods is essential. But potatoes are opportunists, which, in vege- 
tation disturbed by man or in cultivated fields can take full advantage of the right con- 
ditions, when these are available. 


About 70 % of all potato species are diploid, and most of these are self-incompatible 
and are only able to set seeds when crossed with some other strain possessing different 
S. gene combinations. There are, however, three exceptions among the tuber-bearing 
group, all found in Mexico: 

Ll. S.morelliforme. This is a taxonomically isolated species as we have already seen, 
and is frequently found growing as an epiphyte on trees. The self-fertility might here 
have been developed in response to the fact that only one clone might colonize a single 
tree, whilst other clones might lie too far away on other trees for eross-pollination to be 
possible. Under these conditions a strong selective advantage for self-pollination would 
obtain. 

2. S.polyadenium. This seems to be a relict species which may well have been reduced 
to a few isolated clones, situated too far apart for cross pollination to be possible. 

3. S. verrucosum. This diploid species may possibly be a recent migrant from South 
America into Mexico. Forms at the edge of a rapidly increasing distribution area would 
be at a reproductive disadvantage when self-incompatible owing to the thinning out of 
the actual numbers of individuals available. It is quite likely therefore that this ex- 
planation may be applied to S. verrucosum. 

I should like to make some mention here of the so-called triploid species. They only 
remain, of course by virtue of vegetative reproduction and are therefore not species at 
all in the sense we have been using for the sexually reproducing diploids. Certain of 
them like S.chaucha, S.juzepczukii and S. vallis-mexici are simple hybrids between 
diploid and tetraploid species, and although their parentage is well-known we retain 
their names largely for convenience. Other triploids occur which seem to be merely 
autotriploid forms of diploid species, due presumably to the functioning of a diploid 
gamete. Although one can point out why these triploid forms are so frequent in certain 
regions there seems to be no satisfactory explanation as to why diploid gametes should 
be produced in the first place, and when produced why they should function at the 
expense of normal haploid ones. Explanations have been put forward by voN WANGEN- 
HEIM (27) and others as to why diploid gametes should function in crosses with S. tube- 
rosum; but the situation we are now discussing is quite different, and would well repay 
cytological investigation. 

Tetraploids make up about 15% of potato species and are self-fertile. With the 
exception of S.acaule, probably all require transference of pollen by an insect vector 
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B under natural conditions. Strangely enough, even the habitually self-pollinating S. 
acaule possesses the same wide range of variability as the diploid species. This may 
point to the fact that the self-fertility is only a recent acquisition. All tetraploid species 
so far investigated, with the exception of S. tuberosum, behave as allopolyploids. S. 
tuberosum seems to be a genomic autopolyploid; under cultivation in the Andes it 
produces a large amount of seed and is thus much more fertile than the varieties of it 
grown in Europe. Although the multivalent frequency of European varieties is high, with 
a consequent reduction of fertility (sterility may be due also to other causes than chro- 
mosome mechanics), one would expect the multivalent frequency in varieties of the 
Andean subspecies andigena to be much lower, judging from the amount of natural 
seed which they produce. It is to be hoped that cytologists will tackle this problem, 
since it has interesting implications in the question of the origin of the cultivated potato. 
Pentaploid species are all hybridogenic and may be compared with the triploid ones. 
They differ, however, in being more fertile than the triploids, and hence more possible 
as initial breeding material. The three pentaploids S.semi-demissum, S.edinense and 
Ss. curtilobum have all been utilized in the past. However, since in hybrids between them 
and S. tuberosum chromosomes are eliminated at meiosis, the use of pentaploids has 
been largely discontinued. 

We finally come to the hexaploid species which compose about 8 % of the total and 
are generally self-fertile, S. demissum following S.acaule in its ability to set numerous 
berries without insect or artificial pollination. Chromosome pairing is very regular in 
the hexaploid species, which, even if they may not have been formed by amphiploidy 
certainly behave as allopolyploids. Most breeding programmes have regarded it as 
absolutely essential to breed at the tetraploid level — in other words to bring all the 
breeding lines to the same chromosome number as S. tuberosum. Certainly octoploid S. 
tuberosum has passed the optimum chromosome complement and is poor and 
unthrifty. There seems no reason, however, why breeding at the hexaploid level 
might not be considered possible in the future, even though there would certainly be 
some difficulties involved. 


BREEDING FOR RESISTANCE TO SOME DISEASES 


I now wish to discuss some of the problems of breeding for resistance to certain 
diseases and pests as seen more from the viewpoint of the taxonomist and plant geo- 
grapher (Fig. 2). I shall only deal with a few of these in which most information is 


available. 


Phytophthora infestans 

Until comparatively recently, when breeding for resistance to Phytophthora, use was 
made of a series of genes conferring hypersensitivity to different strains of the disease 
organism. The wild species chiefly used were S.demnissum, S. semi-demissum and S. sto- 
loniferum. 

It gradually became clear that there was a large element of risk involved in this 
method since it was only necessary for a new mutant to appear in the fungus for an 
elaborately bred resistant variety to become at once completely susceptible. 

When it was finally shown by NIEDERHAUSER (14) that all varieties, breeding lines 
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FIG. 2. GEOGRAPHICAL DISTRIBUTION OF GENES 
CONFERRING RESISTANCE TO CERTAIN 
POTATO DISEASES AND PESTS. 
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and even species that had hitherto resisted the fungus could develop infection in his 
test plots in Mexico and that two sexually different strains occurred there which ren- 
dered possible new recombinations of existing genes, the programmes of breeding for 
hypersensitivity genes alone were largely abandoned. 

In their place, or running alongside them were instituted schemes of breeding for 
polygenically inherited field resistance or delayed incubation resistance, which had 
been advocated by STELZNER and other German workers. Although one realizes that it 
is harder to maintain high levels of resistance in back-cross generations when this is 
due to a large number of genes of cumulative effect this disadvantage is offset by the 
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fact that the resistance of the final commercial variety will not completely fail when the 
next mutation of the fungus occurs. 

The geographical distribution of hypersensitivity genes lies chiefly in Mexico, which 
caused REDDICK (17) and others to believe that the original home of Phytophthora was 
that country, too. Later, however, it was shown that hypersensitivity genes occurred 
also in South America [RoJas-PENA (18) for Colombia; OcHoa (15) for Peru, KEAY 
(unpubl.) for Bolivia and Colombia]. However, the greatest concentration of such 
genes seems to lie in central Mexico, though we have little knowledge as yet about 
Central America. Curiously enough the two species S.jamesii and S.fendleri which 
occur north of the 23rd parallel, and strains of S.demissum, S.ehrenbergii and S.po- 
lytrichon which were also collected north of this line are all completely susceptible. 
Yet strains of these latter species from south of latitude 23° N seem to be complete 
resisters. 

Field resistance has been shown to occur in certain commercial varieties of S. tubero- 
sum, including subsp. andigena, but by far the greatest amount is found in the Mexican 
wild species. It would be of considerable interest to see whether such field resistance is 
also present in the old land races of S. tuberosum that have been cultivated for long 
periods in certain parts of Mexico, since it would be a much simpler matter to transfer 
resistance from these than from S. demissum into our comme1cial varieties. 

To sum up, it would seem that central Mexico is the most valuable region for genes 
of different types conferring resistance to Phytophthora. However, it must not be for- 
gotten that our knowledge of the southern Mexican and Guatemalan potato spêcies is 
as yet extremely fragmentary. 


Viruses 


There seem to be many more types of resistance to viruses than to Phytophthora. 
Resistance can apparently take the form of true immunity, of various grades of hyper- 
sensitivity, or even of resistance to infection. Furthermore, with some viruses several 
different kinds of resistance may be found in different strains of the same species. 

There is little geographical pattern in the hypersensitivity reaction to viruses X, A, 
B and C. COCKERHAM (4) showed that the appropriate genes occurred sporadically in 
certain clones of various species throughout South America and Mexico. And it has 
been known for some time that these genes are also evident in some of our commercial 
varieties. 

The American seedling 41956 possesses true immunity to virus X, based on two 
genes, and it is survised, though so far as I am aware not proved, that these might have 
been derived from a Chilean form of S.tuberosum which figures in its ancestry. A 
study of more source material from southern Chile would be of interest here. 

Single gene immunity to virus X was demonstrated by Ross and BAERECKE (20) in 
S.acaule. This appears to be the only example of a resistance gene which is totally con- 
fined to one species in a given area. 

Genes for both immunity and field immunity (hypersensitivity) to virus Y are local- 
ized in two centres, namely Mexico (WoRTLEY, unpubl.) and Argentina (Ross and 
BAERECKE, 19). A. very high grade of resistance to virus Y is also seen in the diploid 
cultivated species S.phureja (COCKERHAM, 5). Various workers report resistance to 
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infection in S. vernei and S.microdontum (— S.simplicifolium), again from Argentina. 

High leaf-roll intolerance is known only from Argentina and the adjacent country of 
Bolivia. It was demonstrated by Ross and BAERECKE (20) in S. berthaultii (Bolivia) and 
in hybrids between S. chacoense and S. tuberosum. Whether complete immunity to this 
virus exists still remains to be seen. 

Thus to sum up, one may say that field immunity to viruses X, A, B and C is not 
particularly localized in any one region, whilst true immunity to X is rare and has so 
far been found only twice. Various types of resistance to virus Y seem to be localized 
in two main centres, Mexico and Argentina, whilst completely satisfactory resistance 
or immunity to leaf-roll has not been found but may perhaps exist in Argentina or 
nearby countries. 


Heterodera rostochiensis 


Resistance to eelworm was first demonstrated by ELLENBY (6) in S. vernei, though he 
subsequently discovered resistant lines of S. tuberosum subsp. andigena. Breeding work 
based on this latter species was found to beof little value when new aggressive races 
of eelworm appeared. However a number of wild species such as S. vernei, S. famatinae, 
S.infundibuliforme and S.gourlayi (various authors) have later been shown to resist 
the aggressive races, and breeding work with these is now well advanced. It is of inter- 
est to note that resistance genes seem to be concentrated in N. Argentina, Bolivia, and 
perhaps south Peru. In this case the Mexican species seem to be of no value whatsoever. 


Leptinotarsa decemlineata 


Resistance to colorado beetle has been demonstrated in species from Argentina 
(S. chacoense, S.commersonii) and also Mexico and the southern United States (SS. 
demissum, S. jamesii, S.stoloniferum). Often those species which show colorado beetle 
resistance also resist flea beetle, leaf hopper and aphids, though not necessarily the 
same clones (Hougas, 10). According to ToRKA (25) the gene or genes conferring resis- 
tance to colorado beetle are scattered through the species S. chacoense in apparently a 
haphazard manner, some strains showing resistance and others susceptibility. Further- 
more, she found no homozygous resistance, but this is to be expected in an out-polli- 
nated species if the gene is not very frequently met with. 


Frost 


That potato species which grow at high altitudes should be resistant to frost is per- 
haps not surprising. Yet the possibility of frost resistance genes had not been surmised 
until BuKAsov (3) found them in wild and cultivated potatoes in 1933. By far the most 
resistant species is S.acaule, which generally shows no damage at —8 or even —10°C. 
For this reason most breeding programmes have begun from this species or from the 
cultivated frost resistant pentaploid S. curtilobum. Resistance is generally assumed to 
be polygenically inherited, though there are some slight indications that bea genes 
are also involved. 

Most wild potato species occuring at altitudes of about 3,000 m. or over possess 
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some frost resistance, and we can therefore choose our basic material either from the 
Andes of South America or the high mountains of Mexico. Even some strains of 
S. tuberosum subsp. andigena are quite usefully resistant to 2 or 3 degrees of frost, and 
several varieties have already been bred in Colombia using these as initial material. 
For the rest, it is of considerable interest to note that both the typical S. commersonii 
and its subspecies malmeanum from Argentina, Uruguay, Paraguay and South Brazil 
show uniform frost resistance. Although growing at a very little height above sea level 
this species so far as 1 am aware, chiefly vegetates during the winter season where the 
distance from the equator makes slight night frosts a fairly common occurrence. In 


contrast, S. chacoense, which grows often side by side with S.commersonii, shows no 
resistance. 


In the preceeding account I have limited myself to a discussion of the value of wild 
species in solving the problem of resistance to the major diseases and pests. Time does 
not permit us to do more than mention other valuable characteristics of wild species 
such as resistance to Spongospora, Alternaria, aberrant races of Synchytrium, and to 
bacterial wilt and other diseases. We also possess a great deal of information chiefly 
from Russian sources, on the biochemical characteristics of wild potatoes. Again, the 
matter of photoperiodic response and dormancy has been studied widely in Russia, 
Germany, Britain and elsewhere. 

In other questions, such as resistance to drought, although breeding work has been 
in progress in a number of countries the wild potatoes have not yet been used. Yet we 
know that many grow under extremely dry conditions and certain of them exhibit also 
the very necessary quality of resistance to insect borne virus diseases. One would ima- 
gine, for instance, that species such as S. infundibuliforme and S. chacoense might well 
repay investigation in questions of breeding for drought resistance. 

Leaving aside, however, the matter of what still remains to be solved, let us return to 
consider for a moment the pattern of physiological variability that has so far been 
elucidated from the results of tests for disease and frost resistance. 

With some few exceptions (field resistance to X, A, B, and C viruses, etc.), resistance 
to a particular disease seems to be confined very strictly to one or occasionally two 
geographical areas. Whether this is an oversimplification, which will need drastic 
revision when new facts come to light, is a question impossible as yet to decide. 

At present we see two main areas where a concentration of genes for disease resis- 
tance may be found, namely, Mexico and Argentina. One must admit that the distri- 
bution of resistance genes for one disease does not exactly coincide with those of the 
others. Thus in Mexico one finds genes providing resistance to Phytophthora, virus Y 
and colorado beetle; in Argentina (and adjacent countries) one finds genes for virus Y, 
virus X, leaf-roll, colorado beetle and eelworm resistance. 

With some few exceptions also, it can be seen that not only one species, but a large 
number of species in a certain area possess resistance genes to any one disease. In some 
cases one may explain this by assuming that an introgression of genes has taken place 
from one species into another, or that several species are derived from a common an- 
cestor in the not too distant past. This cannot be the complete solution to the problem, 
however, especially in Mexico, where for instance, hypersensitivity genes to Phyto- 
phthora are found in the most primitive species S. morelliforme on the one hand, right 
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through a range of species to the highly advanced and successful S. demissum on the 
other. 

We must mention at this point VAvILOv’s Law of Homologous Series in which he 
systematizes the observed facts that parallel variations take place in the same area in a 
number of quite unrelated groups. 

Probably the answer to this particular fact of the problem of homologous series is 
natural selection. If Phytophthora is indigenous to Mexico then one would expect those 
species that had been there longest to have evolved a type of resistance by means of 
spontaneous mutations which are selected for survival in place of non resistant forms 
by the presence of the disease organism itself. A species which, on the other hand, had 
only just arrived might well have no blight resistance. Such a susceptible species is 
S. verrucosum, which on cytological and serological grounds has been considered as a 
recent immigrant to Mexico from South America. 

The problem of the localization of virus immunity genes is much more difficult to 
understand. With an insect transmitted virus it may depend mainly on the distribution 
of insect vectors. In this connection it is significant that the distribution of colorado 
beetle resistance and the various types of Y resistance in both Argentina and Mexico 
is almost identical. This coincidence is perhaps rendered even more significant when we 
point out that insect resistance seems to be much less specific than hypersensitivity to 
strains of blight for instance. Thus KAMERAZ (personal communication) states that 
breeding for colorado beetle and Epilachna can be done as a single programme since. 
plants abhorrent to the one insect are invariably so to the other. Hougas (10) also 
found resistance to a number of different insects in the lines he tested. 

Taking this argument to its conclusion we might suggest perhaps that protection 
against insect transmitted viruses in Argentina and in Mexico has been solved by 
potatoes in those areas in two ways — either by genes which rendered them unpalatable 
to the insect or by ones which conferred some sort of direct protection (i.e. immunity, 
hypersensitivity, etc.). 

In both these areas rainfall is low, and the potentiality of insect transmission of virus 
diseases must be high. We should not expect then, to find genes conferring any type of 
resistance to insect-borne viruses in the higher altitude higher rainfall regions of the 
central and northern Andes. But in Mexico and the U.S.A. on the one hand, and the 
plains of Argentina and adjacent countries on the other, both regions of low rainfall 
and high summer temperatures, the presence of genes conferring insect resistance and 
insect-transmissible virus resistance is not surprising. 


CONCLUSION 


In conclusion I wish to take up again a point I mentioned earlier, namely, to make a 
plea for closer inter-EBuropean co-operation in the use of wild potatoes. 

Whilst freely admitting that conditions of politics, climate and soil may well make it 
necessary for most European countries to breed their own commercial varieties, 1 do 
not consider that this holds good in the sphere of wild species investigations. 

At this meeting of Eucarpia 1 feel that we should discuss ways in which a co- 
operative project for Europe might be conceived, both for the more efficient utilization 
and interchange of material and also for the exchange of information. With two expe- 
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ditions to the New World shortly about to take place it would be the greatest pity if 


B there were no way in which the great potentialities of the material collected could be 


evaluated and exploited to the fullest extent, and I hope that it may be possible to 
devise some international scheme at this meeting for bringing it about. 


ZUSAMMENFASSUNG 


Bedeutung der Wildkartoffeln und Primitivformen für die Kartoffelzüchtung 

In der Geschichte der Verwertung der Wildkartoffeln werden drei Stufen abgezeich- 
net und die Ansicht vertreten, daB wir eben in eine vierte eintreten, welche durch vollere 
internationale Zusammenarbeit als bisher möglich gewesen ist, charakterisiert wird. 

Die Tatsache, daB wertvolle Gene zur Verfügung stehen, wird im Lichte unserer 
Kenntnisse der Kreuzbarkeit und der Entwicklungsbeziehungen von Kartoffelarten 
betrachtet. 

Es wird aufgezeigt, daB Reproduktionsmechanismen in Arten auf verschiedenen 
Stufen der Ploidie eine wichtige Rolle in der Artzüchtung spielen, ferner wird die 
wichtige Rolle asexueller Reproduktion in Kartoffeln behandelt. 

Die geographische Lokalisierung der meisten Genen, die gegen Phytophthora, Viren, 
Heterodera, Leptinotarsa und Frost resistent sind, ist hier behandelt. Erklärungen für 
diese Lokalisierung werden hier vorgeschlagen. 


SAMENVATTING 


De betekenis van wilde soorten en primitieve rassen voor de aardappelveredeling 
Drie stadia in de geschiedenis van het gebruik van wilde aardappelsoorten en primi- 
tieve aardappelrassen worden genoemd. Omstreeks 100 jaar geleden waren nieuwe 
rassen nodig ter bestrijding van degeneratieziekten, terwijl omstreeks 1909 het wilde 
materiaal voor het kweken op ziekteresistentie ter hand werd genomen. Het 3e stadium 
begon in 1925 toen de eerste grote expeditie werd gehouden om materiaal te verzame- 
len voor een onderzoek naar de genetische variatie van de aardappelsoorten. Thans is 
men gekomen in het 4e stadium, nl. een nauwere internationale samenwerking dan tot 
nu toe mogelijk was. 
Schrijver geeft een overzicht van de perspectieven voor het kweken op resistentie 
tegen Phytophthora, virusziekten, Heterodera, coloradokever en vorst. Het is gebleken 
dat bepaalde genen in bepaalde gebieden voorkomen (geographical localization). 
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ABSTRACT 


In order to give an impression if the varied publication field of Euphytica some 50 
subjects are mentioned. However, there is a much wider variation since often very 
different cultivated plants or their characters are the subject of investigations. 

Euphytica can be considered as a transmitter whose programme is devoted to the 
international exchange of knowledge, ideas and experience in the field of plant breeding. 

96755 reprints of the articles published in the 7 volumes of Euphytica 1 (1952)-7 
(1958) that have appeared so far, have been distributed. The reprints particularly 
further the contact with research workers in all parts of the world. They form elegant 
material of exchange between investigators interested in the same problem. 


INTRODUCTION 


Plant breeding, both as a science and in the practical aspects of developing new 
varieties, is often obliged to seek the aid of other sciences. In this connection one thinks 
first of the biological sciences, for instance genetics, phytopathology and physiology ; 
but also physics, chemistry and mathematics often render indispensable services to the 
research worker. 

This situation offers Euphytica the possibility to present its readers with a wide 
variety of articles. On the other hand it is difficult, and often impossible, to draw a 
precise line between a particular field of plant breeding and that of another science. 
Articles in journals of genetics, phytopathology, etc., frequently include pertinent 
material and may open up new lines of advance to the plant breeder. 

In the course of years a certain historical development has caused the plant breeder, 
more than before, to be thrown onto resources of other sciences and sometimes he is 
even obliged to carry out very thorough fundamental research in order to clear the 
barriers which are in the way of a further development. However, the editors of Euphy- 
tica should have an idea about keeping the publication field within reasonable bounds. 


THE PUBLICATION FIELD OF EUPHYTICA 
The following gives a survey of a number of general subjects in the publication field 
of Euphytica. 
1. Theoretical basis of plant breeding methods. 
2. The application of methods in the field of plant breeding. 


271 


INR 


272 


H. DE HAAN 


‚ The variability of wild material in the centres of origin. 
„ The significance of local varieties for plant breeding. 


The collection and research on parent plants. 
Influence of natural selection on hybrid populations of cultivated plants. 
Developing populations to an appropriate stage of selection (to “selection matur- 


ity”). 


„ The heriditary basis of important characters in cultivated plants. 

. The significance of mutations for plant breeding. 

„ The induction of mutations in cultivated plants by various mutagenous agents. 
. The significance of cytoplasmic inheritance in plant breeding. 

. The application of heterosis in plant breeding. 

. The application of male sterility in plant breeding. 


„ The cytology of cultivated plants. 

„ Polyploidy-breeding. 

. Intergeneric and interspecifie crosses in plant breeding. 
„ Origin of cultivated plants. 


. Breeding for disease resistance. 
. Occurrence and origin of physiological races of parasites of cultivated plants. 


‚ Flower biology and plant breeding. 
„ The influence of physiological factors in cultivated plants and the differences in 


response to them by selections and varieties. 


. Breeding for drought resistance. 
.‚ Breeding for cold resistance. 
„ Climate and plant breeding. 


„ Breeding for production capacity. 

„ Breeding for quality. 

.„ Reliability of harvest. 

. Mechanization and plant breeding. 


„ Equipment of laboratories, buildings and glasshouses in the field of plant breeding. 
.„ Establishment of trial fields on plant breeding stations. 

. Application of statistical methods ín interpreting data. 

.‚ Technical problems in the field of plant breeding. 


„ Furthering of plant breeding by extension and provision with material. 
„ Surveys of results obtained with the improvement of different crops in the Nether- 


lands. 


„ Economic significance of plant breeding. 

„ Protection of the breeder’s rights. 

„ Cost of breeding new varieties. 

„ Cost of research in plant breeding. 

. Methods used in maintaining varieties and other germ plasm of cultivated plants. 


THE PUBLICATION FIELD OF EUPHYTICA 


40. Biographies of deceased breeders. 


A1. Organization of plant breeding. 

42. Organization of the research on varieties of cultivated plants. 

43. Cost of the research on varieties of cultivated plants. 

44, Results in the field of the identification of varieties of cultivated plants. 

45. The concept of the variety viewed from the angle of a plant breeder. 

46. The significance of a well organized inspection system for the breeder. 

47. Experience in pedigree selection of potatoes and other vegetatively propagated 
crops. 


48. Short reports on study trips and congresses. 

49. Documentation of literature in the field of plant breeding (technical periodicals, 
reference journals, textbooks, establishing of card index systems of libraries, etc.). 

50. The contents and lay-out of periodicals and reprints in the field of plant breeding. 


51. Reviews of new books in the field of plant breeding. 
52. Personalia. 


The above survey gives an impression of the varied publication field of Euphytica. 
There is even a much wider variation because the investigations often only bear upon 
a special crop or on a given characteristic of it. A general consideration of the sub- 
divisions in a card index system of a library of a plant breeding institute, however, 
suffice to prove that the publication field of a periodical on plant breeding is very com- 
prehensive, in spite of its demarcation (2). 


EUPHYTICA, A TRANSMITTER OF PROGRESS IN PLANT IMPROVEMENT 


Many of the subjects mentioned are treated in the 21 issues that have appeared since 
the start of publication. In all 224 articles have been published. This is nothing out of 
the common; before the institution of Euphytica a great many articles have appeared 
in technical periodicals (3). But it should be borne in mind that 192 of the articles 
published in Euphytica are of Dutch origin and that most of these would otherwise 
not have been published or in an inaccessible language. From an international point 
of view Euphytica has therefore a particular function (4). 

When colleagues from abroad visit the Wageningen breeding institutes or Dutch 
plant breeding establishments it is more and more apparent that nowadays the breed- 
ing research carried out in the Netherlands is open to them. Those who have no op- 
portunity to visit this country can easily become informed on what is going on here. 
Euphytica therefore can be considered as a transmitter of the progress in plant im- 
provement. The transmission not only takes place by means of the issues of which 
some 900 are distributed abroad, but also by means of reprints. 

Of 224 articles published in Euphytica, a total of 96755 reprints have been ordered. 
by the writers or by the institutions where they work. Some institutes issue the reprints 
of the articles written by their staff in a special institute series. 

The distribution of the reprints contributes greatly to the reading of the articles by 
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colleagues at home and abroad and to furthering the exchange of publications. The 
distribution of reprints helps to keep research workers in other fields of agriculture 
informed of progress in plant breeding. 


It is to be expected that also in the future issues of Euphytica interesting articles will 
be published which will give foreign research workers and plant breeders an opport- 
unity to reconnoitre the field of Dutch research in plant breeding. This will show that 
the Netherlands also encourages the cultivation of unreclaimed fields in the extensive 
domain of plant breeding. 

In most issues one or more articles by foreign workers will be inserted. 

Research workers in the Netherlands are eagerly looking forward to the contents of 
sister periodicals to come. “The plant breeder in the exercise of his art and science, 
needs documentation related to many fields of investigation” (1). 


SAMENVATTING 


Het publikatieterrein van Euphytica 


Teneinde een indruk te geven van het gevarieerde publikatieterrein van Euphytica, 
zijn een vijftigtal onderwerpen met name genoemd. De variatie is echter veel groter, 
omdat dikwijls zeer uiteenlopende kultuurplanten of eigenschappen daarvan het on- 
derwerp van een bepaald onderzoek zijn. 

Euphytica is te beschouwen als een zendstation, waarvan het programma gewijd is 
aan de internationale uitwisseling van kennis, inzichten en ervaringen op het gebied 
van de plantenveredeling. 

Van de 224 artikelen in de 7 thans verschenen delen van Euphytica 1 (1952)—7 (1958) 
zijn in totaal 96755 overdrukken geleverd. De overdrukken bevorderen in het bijzonder 
het contact met onderzoekers in alle delen van de wereld. Zij vormen een elegant ruil- 
materiaal tussen pnderzoekers die voor hetzelfde probleem belangstelling bezitten. 
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ABSTRACT 


The present status of the utilization of induced mutations in plant breeding is briefly 
reviewed. It is concluded that with induced mutations in principle successes can be 
expected similar to those with the conventional breeding methods. Owing to the rela- 
tively small yield of progressive mutations the efficiency of mutation breeding, how- 
ever, is rather poor at present. Greater efficiency may be expected with increased 
knowledge of both control of original mutation production and of selection. 

Control of mutation production seems to be possible in at least three ways, (a) by 
raising the total mutation frequency (b) by changing the relative frequency of chro- 
mosome versus point mutations and (c) by altering the spectrum of point mutations. 
The possibilities of such control through the diverse action of different radiations 
given with or without modifying agents is reviewed and various mutagenic chemicals 
are mentioned. 

Control of mutation selection may be achieved in two ways, (a) by a better under- 
standing of diplontic selection (intrasomatic selection) of mutated cells and (b) by 
developing appropriate screening methods. A working hypothesis concerning the 
diplontie selection is briefly outlined. The “one initial cell theory” means that the 
greatest efficiency of mutation production can be expected after radiation of primordia 
or young buds with only one or a few initial cells which will form the tissue of interest. 
It is hoped that by this the intercellular competition is restricted and a reduced elimi- 
nation of mutated cells will result. 

Procedures for selection of mutants, at least in barley, can already start with M,- 
spikes. It was shown that completely fertile M‚-spikes possess the same frequency of 
point mutations (chlorophyll mutations) as those with disturbed fertility. Selection 
of fertile M‚-spikes should, therefore, eliminate to a large extent the undesirable 
chromosome mutations and in this way increase the efficiency of screening for pro- 
gressive mutations. Maximum mutation frequencies of fertile M‚-spikes can‚ however, 
only be achieved if the tillering is reduced. 

It is suggested that more emphasis be put on screening of small mutations, which 
may generally be expected to have a greater importance for practical purposes than 
drastic deviations. Usually screening of micro vital- mutations will be advisable in the 
Ms-generation. Indicator characters may be found through mass selection methods 
which by their pleiotropic gene action also effect properties eventually of breeding 


value. 


*) (Lecture delivered at the organizational meeting of the section “Mutation and Polyploidy”’ of 
EUCARPIA in Lund and Svalöf, July 9-11, 1958). 
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The idea to induce mutations for practical breeding purposes is more than 30 years 
old. It is closely connected with the discovery in 1927 of the mutagenic action of 
X-rays by H. J. Murrer (58) who himself considered the practical importance of 
induced mutations. 

Historically, the pioneer work of GUSTAFSSON and the Swedish research group de- 
serves great credit,* though also in other countries the practical importance of induced 
mutations was early recognized, particularly in Germany (STUBBE, 80; FREISLEBEN and 
LEIN, 17) and in Russia (DELAUNAY, 8; SAPEHIN, 65). It may be mentioned that in the 
USA early scepticism (STADLER, 77) recently has given way to a more optimistic view 
on the part of many research workers. For several years in that country the significance 
of mutations for plant breeding has been under test on a large scale (SHAPIRO, 71, 72; 
SHAPIRO and SAGAWA, 73; OSBORNE, 64). 


Present situation 


In recent years a number of reviews dealing with the induction of useful mutations 
have been published (GUSTAFSSON and v. WETTSTEIN, 37; GAUL, 21, 26; Mac Key, 57; 
SINGLETON, 74; SPARROW, 76; KONZAK, 49; SMITH, 75). 

Most of these reviews are more or less complete, and there is therefore no need for 
another at this time. The progress made in the past 30 years is great and fascinating. 
However, we still seem to be at the very beginning of this mysterious field of research 
when we consider such questions as the nature of mutations and how they should be 
controlled and utilized. 

Today there is little doubt that all the genes involved in the world collections of our 
cultivated plants can be reproduced by induced mutations. Particularly in Drosophila 
(MULLER, 59), Hordeum and Antirrhinum evidence for such a conclusion has been 
accumulated. But also in all the other numerous ofganisms investigated there is no 
argument against the assumption that every spontaneous mutation can also be in- 
duced if the material is comprehensive enough and if the mutation is thoroughly 
searched for with appropriate methods. Among the characters of economic importance 
which have been repeatedly induced in cultivated plants are earliness, stiff straw, dense 
spikes, large kernels, higher protein and oil content, disease resistance, etc. It is im- 
portant to note that even in highly productive varieties the kernel yield can be in- 
creased, as has been shown most extensively for barley by HOFFMANN (39), FRÖIER (18) 
and ScHorz (67), for wheat and oats by Mac Key (55) and for peanuts by GREGORY 
(30). Moreover, apart from such gene mutations it is possible to rearrange the chro- 
mosome structure and by this to create new caryotypes. 

Utilization of induced mutations therefore is a matter of fact in plant breeding 
today. Unknown, however, is the future extent and the relative importance of this 
method as compared with the conventional ones. Though according to our present 
knowledge it seems that in principle most of the progress made by the traditional 
breeding methods can also be gained through induced mutations, the question of the 
efficiency of what can be called mutation breeding is still open. Until now the fre- 
quency of progressive mutations obtained has been rather low, necessitating 

!) see survey in “Mutation Research in Plants”, Acta Agr. Scand. 4, 3, pp. 359-642 (1954). 


276 


PRESENT ASPECTS OF INDUCED MUTATIONS IN PLANT BREEDING 


much labour and the expenditure of large sums of money for their detection. It is, 
however, only this low frequency of progressive mutations which we get with our 
_ present methods that makes the practicability of mutation breeding questionable, 
not the new tool itself. 


Mutation frequency and micro vital-mutations 


There exists an estimate of the frequency of progressive mutations in barley. In this 
crop we have the most experience concerning practical aspects of induced mutations. 
With suitable radiation dosages the frequency of mutants easy to detect is of the order 
of one or two per 100 M‚-plants *) (GAuL, 21). Among these mutants the frequency of 
those which are superior in yield has been estimated to be one or two per thousand 
(GUSTAFSSON, 34). It should however be emphasized that this estimate is based mainly 
on drastic mutations, the most common type selected in the past barley mutation 
work. One of the main intentions of the present paper is to direct attention towards 
small mutations, the screening of which is considered to be an important task of the 
future. The frequency of progressive micro-mutations may be expected to be higher 
than that of macro-mutations. It may be mentioned that from a genetical point of view 
a classification into these two groups of mutations is arbitrary. Its practical value is, 
however, obvious. Micro-mutations are difficult to detect in a single plant but easier in 
a group of plants. They often change the physiological behaviour of the plant without 
any pronounced morphological effect. The significance of small mutations (“Klein- 
mutationen”) in the course of evolution was early recognized by BAUR (2) and is 
emphasized again in most of the modern conceptions (STEBBINS, 78). The problem 
of utilizing micro-mutations for practical purposes lies in the difficulty of detecting 
them. Questions concerning relevant screening methods will be considered at the end of 
this paper. Here it will only be emphasized that, assuming the efforts of selecting 
micro-mutations will be successful, at present we actually possess no adequate esti- 
mate of the frequency of induced progressive mutations. GREGORY (31) in his extensive 
work with peanuts takes more notice of small mutations than was previously done in 
any crop. He indicates that the frequency of mutants which are superior in yield may 
be of the order of 1 among 500-5,000 M-population plants, which is a remarkable 
difference from the estimate mentioned above. 

Without doubt there is a need for increasing the yield of progressive mutations. This 
is one of the most important problems in the practical application of induced mutation. 
The question of whether or not mutation breeding will become more popular depends 
on its solution. The present status of this problem and prospects for the future will be 
discussed in the following parts of this paper. There is a demand for increasing the 
total frequency of induced mutations and/or a control of the different types, i.e. for 
intentionally raising the number of more desirable types obtained. This can be done by 
both a control of the original production of mutations and by selection methods. These 
two possibilities will be considered separately. 


1) M,, Mo etc. refers as a non-specific term of mutagenic treatment to the first, second, etc. genera- 
tion after seed treatment (cf. KONZAK, 48). 
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2. CONTROL OF MUTATION PRODUCTION 


A control of the mutation process seems to be possible in at least three ways, (a) by 
increasing the total mutation frequency, (b) by changing the relative frequency of 
chromosome versus point mutations and (c) by altering the spectrum of point muta- 
tions. 


Raising of mutation frequencies 

The problem of increasing the total frequency of induced mutations is closely con- 
nected with the killing effect of radiations as well as of mutagenic chemicals. It has 
been well known for several years, however, that densely ionizing radiations, e.g. neu- 
trons, produce appreciably less lethality than X-rays; the same percentage of surviving 
M‚-plants gives a higher mutation frequency with neutrons than with X-rays (MAC 
Key, 54; EHRENBERG and NyBOM, 10; CALDECOTT, BEARD and GARDNER, 6). There- 
fore, at least for the production of chromosome mutations, neutrons are more efficient. 
The question of whether neutrons are also superior in the production of vital mutations 
needs further investigation (EHRENBERG and NyBomM, 10; NyBom, 63). 

Another possibility of increasing the mutation frequency per surviving M‚-plant is 
the application of chemical or physical treatments given in addition to radiation. These 
secondary factors may be present before, during and/or after the radiation. Some treat- 
ments are known in barley which have led to an increase of the surviving capacity of 
M-plants but after which the frequency of point mutations (chlorophyll mutations) 
has remained the same (NmLAN, 61) or has even been enlarged (GAU, 22). Recently it 
was shown e.g. that a sublethal heat treatment given just after X-raying increased the 
survival from 54 % to 64%, and also increased the frequency of point mutations from 
8% to 14%. A combined treatment of CO, and heat given in addition to X-rays in- 
creased the surviving capacity by nearly 50% without any marked effect on the fre- 
quency of point mutations (GAUL L.c.). 

As concerns the efficiency of chemical mutagens in producing mutations, noteworthy 
progress has been made. Judging from previous experience in plants (particularly 
cereals), mutagenic chemicals generally have a pronounced toxic effect accompanying 
the purely genetic action. The relatively high killing effect prevents raising either the 
concentration or the duration of application of the mutagenic chemicals beyond cer- 
tain threshold values. Consequently mutation frequencies often remain far behind 
those achieved by radiations. With chemical mutagenesis we are however even more at 
the very beginning than with radiation. Indeed, recently there are exciting indications 
that in barley, with ethylene oxide (EHRENBERG and GUSTAFSSON, 12) and with ethyl 
sulfate (HrsLoT and FERRARY, 38), frequencies of chlorophyll mutations can be 
obtained which are quite comparable to those resulting from high X-ray dosages. 


Chromosome versus point mutations 


There are good reasons to assume that chromosome and point mutations originate 
independently though at about the same time (GAUL, 27). The relative frequency of 
both these mutation types can be altered either by means of physical or chemical treat- 
ments in addition to radiation or by the use of different mutagenic agents, particularly 
chemicals. 
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It has been shown repeatedly in barley in recent years that the relative frequency of 
_ehromosome mutations can be either decreased or increased as compared with point 
(chlorophyll) mutations through the use of appropriate agents in combination with 
X-rays (KAPLAN, 44; CALDECOTT and SMITH, 5; NILAN, 61; GAUL, 22). Furthermore, 
there are chemicals, like nebularin, which produce no M‚-sterility at all but give rise to 
point mutations. Also the reverse type of action has been detected; 8-ethoxycaffeine 
induces an obvious M‚-sterility without any increase of the rate of point mutations 
beyond the spontaneous level (EHRENBERG, GUSTAFSSON and v. WETTSTEIN, 11). 

Since knowledge of treatments which increase the yield of either point or chromo- 
some mutations has considerable practical bearing, future work in this direction is 
extremely important. Mostly the breeder will be interested in obtaining only point 
mutations. This holds particularly true for diploid species. In polyploids like wheat and 
oats the relative importance of chromosome versus point mutations is not yet fully 
understood. Because of the duplicated condition of many genes, polyploids seem to 
have greater tolerance against chromosome mutations. This leads apparently to higher 
mutation frequencies as compared with the related diploids, especially as more minor 
and delicate deviations are concerned (Mac Key, 54, 55, 57). Deficiencies and gene 
inactivations need not necessarily be deleterious, since through them new gene inter- 
actions may be balanced or a permanent heterosis established (cf. GAUL, 21). Such an 
assumption seems not to be unreasonable since it has been found that for instance 
certain chlorophyll mutations which are lethal in the homozygous condition, surpass 
on the heterozygous level the yield of the non-mutated parent (GUSTAFSSON, NyYBOM 
and v. WETTSTEIN, 36; GUSTAFSSON, 34, cf. also HOLM, 41). 

High frequencies of chromosome mutations are extremely desirable in those modern 
breeding methods which combine species and genus hybridization with induced trans- 
locations. There, gene mutations are actually without interest. Where there is in dis- 
tant hybrids no or little pairing between the chromosomes of interest, the transfer of 
the desired genes by induced translocations has indeed proved a worthy tool. With an 
elegant method SEARS (68) succeeded in transferring the leaf rust resistance from Aegi- 
lops umbellulata to common wheat. He started with X-raying prior to meiosis, aneu- 
ploids having the resistant umbellulata-chromosome arm as an iso-chromosome in 
addition to the 21 pairs of wheat. The pollen of the radiated plants was used for cross- 
ing with untreated normal wheat. Cytogenetic analysis led SEARS (l.c.) to the con- 
clusion that the practically most interesting type recovered among the resistant F,- 
plants with 42 chromosomes had an intercalary translocation from Ae. umbellulata. 
This substitution line was cytologically entirely regular and morphologically indisting- 
uishable from the common wheat parent except for its resistance and slightly later 
maturity. Also the transfer of resistant genes from Agropyron elongatum (ELuIOTT, 13, 
14) to Triticum aestivum by means of induced translocation has been successful, re- 
sulting in cytologically stable types with 21 pairs of chromosomes. Similar positive 
results were indicated when Agropyron intermedium was used as the source of resist- 
ance for common wheat (WIENHUES-OHLENDORF, personal communication). From a 
comparison of X-rays, thermal neutrons and radioactive phosphorus and sulphur, 
LARTER and ELUOTT (50) inferred that neutrons were most efficient, since this radia- 
tion source yielded the most translocations on the basis of surviving M‚-plants. 

Both chromosome and gene mutations are of interest in recurrent radiation pro- 
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grams of artificially induced autoploids. The procedure of “diploidization of auto- 
ploids” presumably involves something more than creation of structural differentiation 
of the two homologous chromosome complements involved, though this goal may be 
considered as the main part of the project. There is, besides, ample evidence that the 
amount of bivalent and multivalent formation in polyploids also is genically controlled 
(Gaur, 19, p. 535, 20). Our present knowledge concerning the actual physiological 
background of this gene control is insufficient, but the assumption seems to be not 
unrealistic that bivalent formation in polyploids is a result of a diverse balance between 
structural differentiation, asynaptic gene action and chromosomal interference (the 
action of the last factor was inferred by LINNERT, 52, 53). Moreover, it is well-known 
that there is not necessarily a correlation between the degree of multivalent formation 
and fertility in terms of seed setting (cf. MÜNTZING, 60). Despite abundant multivalents 
in natural polyploids there may be high fertility (cf. also LEVAN, 51), sometimes caused 
by a pronouncedly regular zig-zag orientation of the quadrivalents in the meiotic meta- 
phase combined with a high degree of terminalization (e.g. v. BERG, 3). Nevertheless, 
in programs trying to change the physiological behaviour of an artificial autoploid 
into one similar to that of an old established natural polypioid, chromosomal reorgani- 
zation may be considered as the main part, as pointed out above. That reduction in 
quadrivalent formation can be achieved by radiation is already indicated in tetraploid 
Dactylis (STEBBINs, 79). The structural differentiation can be induced on the tetraploid 
or on the diploid level, in the latter case followed by chromosome doubling (MAC 
Key, 57). In either case it can be expected that additional hybridization, not only of 
selected plants of the same variety, but also plants of different varieties will accelerate 
the accumulation of structural and genic diversity. Results concerning most such pro- 
jects seem to be still unpublished. To the knowledge of the author (cf. also MAc Key, 
Lc.) they are running on the tetraploid level with red clover (JULÈN, personal communi- 
cation), vetches (NORDENSKIOLD, 62), Linum, rye (HAGBERG, personal communication) 
and barley (Mac Key, 57; HAGBERG, personal communication, GAUL, unpublished). 
The author’s program with 4n barley is advanced to the fourth radiation cycle, which 
is growing this year in the nursery. On the diploid level experiments with barley are 
being conducted by CALDECOTT (personal communication) and SHEBESKI (personal 
communication). 


Mutation spectrum 


Returning to the question of controlling mutation production, evidence is accumu- 
lating that more than the relative frequency of chromosome versus point mutations 
can be changed. The possibility of altering the proportion of different point mutations 
and inducing by this a sort of “group mutability”” was considered seriously by GUSTAFS- 
SON (32, 33) in barley. Also in Antirrhinum there were early indications (KNAPP und 
KAPLAN, 47; KAPLAN, 43, see also KAPLAN, 42). 

Recently in barley new evidence of different spectra of chlorophyll mutations has 
been obtained by a comparison of the effect of X-rays alone with the effect of certain 
chemical and physical treatments combined with X-rays (D’ AMATO and GUSTAFSSON, 7 
GUSTAFSSON and NyBom, 35; GAUL, 22) and through a comparison of different radia- 
tion sources with mutagenic chemicals (MAc Key, 56, EHRENBERG, GUSTAFSSON and 
Vv. WETTSTEIN, 11; HrsLOT and FERRARY, 38). Colchicine treatment for instance, given 
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in addition to X-rays produced nearly three times as many viridis mutations as did 
X-rays alone, whereas the frequency of albinas remained about equal (GAUL, L.c.). Also 
the fraction of erectoides among the total of viable mutations was reported to be diffe- 
rent with X-rays than with neutrons (EHRENBERG and NyBoM, 10; NyBoM, 63). Furth- 
ermore there is increasing evidence for selective mutability in microorganisms (see 
reviews of KAPLAN, 45, 46; DEMEREC, 9) and some evidence in Drosophila (FAHMY and 
FAHMY, 15). Most striking in barley are the cases of nebularin and B-propiolactone 
which produce no albina mutations but in the one case only viridis and in the other only 
xantha plus a small fraction of viridis mutations (EHRENBERG, GUSTAFSSON and v. 
WETTSTEIN, 11; HESLOT and FERRARY, 38). 

Though for various reasons, not all the data published on this subject are entirely 
convincing, considering the total evidence there can be little doubt at present that 
group mutability is a real phenomenon. In higher plants our knowledge of experiment- 
ally directing the creation of mutation spectra is so far almost completely restricted to 
genes controlling various chlorophyll deficiencies in barley. There is, however, no 
argument against the assumption that similarly the spectrum of viable mutations is 
alterable. Future work along this line will be extremely important. The fact that 
appropriate mutation spectra for viable mutations have not yet been worked out is a 
result of the fact that until now too few mutations have been produced and/or screened. 


3. CONTROL OF SELECTION ' 


The aim of selection methods for induced mutations is quantitative and qualitative 
control of the final output. There are two ways of selection control which may be con- 
sidered here. First the problem of ““diplontic selection” (intrasomatic selection) will 
be discussed and then some ideas concerning screening methods of progressive mu- 
tations will be propounded. f 


Diplontic selection 

Most of the applied work with mutations has been done with radiation of seeds or 
of buds of shoots. Both of these consist of many cells. After the mutagenic treatment 
there is, therefore, a competition between cells preserving their full vitality and those 
more or less damaged. This competition leads to drastic elimination of mutated cells 
(cf. GAUL, 23), which was formerly called intrasomatic or intra-individual selection 
(KAPLAN, 44). Recently, for various reasons the term diplontic selection of mutated 
cells was proposed (GAUL, 28). Between the treatment of seeds and the screening of 
mutations in M‚ there is not only the diplontic elimination of mutated cells but also 
the filter of haplontic and zygotic selection. Only the diplontic selection of the M‚- 
generation will be regarded in the following. 


In plants propagated sexually the primary intention of controlled diplontic selection 
should be to obtain high mutation rates of the germ lines. In crops propagated vegeta- 
tively one is interested in getting high mutation frequencies of isolated shoots or other 
parts of the plants not necessarily including the germ line. Any plan to get insight into 
diplontic selection must start with the histologic structure as well as the histogenesis 
which is characteristic of the material treated. Unfortunately in plants our present 
knowledge of the developmental mechanics is limited. 


281 


HORST GAUL 


In barley a working hypothesis concerning the course of diplontic selection was 
advanced recently (GAur, 28). In it the ontogenetical data available from the literature 
are considered and it is in agreement with preliminary experimental results gathered by 
cytogenetic and genetic as well as statistical means. 

There is evidence that the generative tissue of a single spike is generally derived 
from one or two cells of the embryo after radiation of seeds. Therefore, not infre- 
quently individual spikes are chimeras. However, this situation presumably holds true, 
only for about the first five tillers. The axillary buds or primordia of these are already 
present in the dormant embryo. With strong tillering two or even more spikes may 
have a single embryo cell in common. This situation seems to be established fairly 
safely. Furthermore there is some evidence that the mutation frequency of the later 
formed tillers is smaller than that of about the first five.*) This refers to chromosome as 
well as to point mutations (chlorophyll mutations). The influence of tillering on the 
mutation frequency is shown in table 1. After X-raying, the seeds were divided into 


TABLE Ì. EFFECT OF CLOSENESS OF PLANTING OF M;-PLANTS ON TILLERING, FERTILITY AND FREQUENCY 
OF CHLOROPHYLL MUTATIONS 


Year and Number of Number of 5 dt: Number of 5 
spacing M‚-plants _ \spikes per plant Ms-seeds sown jo ODE 
1953 
Close 650 2.9 64.7 | 15,640 | 0.6 
Wide | 116 8.3 68.5 | 9,000 0.4 
1954 
Close 319 6.2 62.0 | 25,096 0.9 
Wide 320 8.1 64.5 | 34,481 0.7 


two portions, the one part being planted with small space and the other with large, 
which led to considerable differences in tillering. From results of two years it may be 
inferred that there is a dilution-effect of mutations among the later formed tillers: the 
more tillers per plant the lower the frequency of chromosome mutations (in terms of 
M‚-sterility) and of point mutations (chlorophyll mutations). Thus the working hypo- 
thesis makes the assumption that intercellular competition takes place extensively only 
among the later formed tillers of the irradiated embryo. Consequently there is a pro- 
nounced loss of mutations. It is, however, assumed that with about the first five tillers 
the situation is entirely different. In agreement with the fact that about five primordia 
are detectable in the dormant embryo, it is supposed that the corpus initial cells which 
will form the generative tissue of the first five spikes are already differentiated. There 
are only one or a few (surviving) initial cells in the corpus of each axillary bud, at least 
after radiation with commonly used dosages. If these initials are somewhat disturbed 
through mutations there are generally no cells in the neighbourhood which compete 
with or replace those already more or less determined to form the generative tissues of 
the spikes. Consequently these axillary buds will carry on the genetic error. Mutated 
cells will be eliminated only if the damage is so heavy that it surpasses a certain thres- 


!) The enumeration means the order in which the axillary buds were originally formed, independent 
of the fact that many of them are supposed to be killed. Thus, e.g. the fourth growing tiller can really 
be the seventh formed. 
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hold value, leading to death of the initial cell and, therefore, presumably also to death 
_in most cases of the whole bud or primordia. In other words, since there is only a 
restricted competition among the initial cells forming the generative tissue of about the 
Ârst five spikes, there is relatively little elimination of mutations. The real field of inter- 
eellular competition lies within the later formed tillers not yet represented by definite 
initial cells, and results there in a tremendous loss of mutations. 


The bearing of this hypothesis was generally extended to all other plants (GAUL, 28). 
Its basic idea is that the highest mutation frequencies can be obtained through radia- 
tion of primordia or very young buds having only one or a few initial cells which will 
form the tissue of interest. On the other hand, pronounced elimination of mutations 
can be expected by selection of those shoots etc. which during the time of radiation 
were represented by large growing points with many initial cells and layers. Here a 
pronounced elimination of mutated cells takes place, whereas in the first case the inter- 
cellular competition is restricted. According to this “one initial cell theory” of high 
mutation frequencies as a result of diplontic selection, in practice the theoretical ideal 
may be approached either by removing all visible buds before irradiation or by select- 
ion after radiation of those shoots etc. which during the time of mutagenic treatment 
were represented by a simple histological structure of relatively few cells. 

With this hypothesis also the remarkable results of BAUER (1) with Ribes nigrum can 
reasonably be explained. Many efforts had been made for a long time in several parts of 
the world to get induced mutations in fruit trees and shrubs. The fact that the results 
were poor can be explained by the great efficiency of the diplontic selection which eli- 
minated all the originally induced mutations within the large growing points irradiated. 
BAUER (L.c.), however, in black currants, obtained the highest mutation frequencies — 
and they were surprisingly high — from shoots which regenerated at the base of the 
irradiated buds, after the primary shoot was cut back (root stock selection). These 
shoots are developed from primordia or young dormant buds which at the time of 
irradiation had, presumably, only a structure of relatively few cells. It may be that be- 
sides the limited competition of the respective initials, the “root pressure” forced these 
cells to form shoots even though they may sometimes have carried a mutation which 
reduced the vitality. ZWINTZSCHER (83), applying a similar method to pome and stone 
fruits, obtained encouraging results, too. 

Thus raising the total mutation frequency by a certain control of the diplontic 
selection seems to be a realistic goal of the future, as is indicated by the results with 
barley and black currants mentioned above. The question how eventually to utilize the 
selection phenomena within the plant to get rid of detrimental mutations is, of course, 
completely open. 


Selection of mutated plants 


Selection of mutated plants can already start in the M‚-generation. It was recently 
suggested that if in barley one is interested in getting a high fraction of point mutations 
and a low frequency of chromosomal aberrations, one should select fertile M‚-spikes 
and grow only these in M, (GAUL, 21). This was proposed because the frequencies of 
point mutations (chlorophyll mutations) were found to be no smaller in the progenies 
of fertile M‚-spikes than in those with disturbed fertility (GAUL, 27). Table 2 shows the 
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relation of seed-setting in M‚-spikes and the M‚-mutation frequencies of their pro- 
genies. The M‚-spikes were put into six fertility classes and the mutation frequencies 
of each class determined in M,. Table 2 presents the pooled results of two experiments 
carried out in two different years. Each experiment consists of a number of series with 
different dosages or treatments. The table is based on the fertilities and mutation fre- 
quencies of 26,587 M‚-spikes giving rise to 1,434 mutated spikes with 3,655 mutants. It 
is obvious that the frequency of point mutations is essentually independent of the 
sterility, which is mainly a consequence of chromosome aberrations. Even completely 
fertile spikes, which were grouped separately in table 2, have no smaller mutation rate. 
This situation is the same with low and heavy dosages, since each series was carefully 
analyzed separately preceding the pooling of the total material. 


TABLE 2. FERTILITY CLASSES OF M‚-SPIKES AND THE RESPECTIVE FREQUENCIES OF CHLOROPHYLL MUTA- 
TIONS, EXPRESSED AS PERCENT OF MUTATED SEEDS (— MUTATED M3-PLANTS) ON THE M,-SPIKES.*) 
REDUCED TILLERING (4.6 SPIKES PER PLANT) 


Fertility classes 0 — 20 — 40 — 60 — 80 — <100 100% 


9%, mutated kernels ed 1.2 ze dl 1e 2 
1) based on 26,587 total spikes, 1,434 mutated spikes, 3,655 mutants. 


Through selection of fertile M‚-spikes, therefore, one can expect to eliminate many 
of the undesired chromosomal aberrations and by this to increase the efficiency of 
screening for progressive mutations. 

The equal mutation frequency of fertile spikes, however, is only approached when 
the amount of tillering in the M‚-generation is reduced. This was intentionally done 
in the experiments of table 2 by sowing the radiated seeds extremely close together and 
late (photoperiodic influence). There is, however a series which was sown with abun- 
dant space for the sake of comparison. Whereas the other material had an average of 
4,6 tillers per plant, this series had 8.3 and showed a decrease in mutation frequency 
with increasing M‚-fertility, as is shown in table 3. This high tillering series is the same 
as in the 1954 experiment of table 1, which had a lower total mutation frequency. 
Again, because of the dilution effect on mutations in later formed tillers, these spikes 
fell into the more fertile classes of table 3, having concomitantly fewer point mutations. 


TABLE 3. FERTILITY CLASSES OF M‚-SPIKES AND THE RESPECTIVE FREQUENCIES OF CHLOROPHYLL MUTA- 
TIONS, EXPRESSED AS PERCENT OF MUTATED SEEDS (— MUTATED M2-PLANTS) ON THE M,-SPIKES!). 
INCREASED TILLERING (8.3 SPIKES PER PLANT). 


Fertility classes 0) — 40 = 70 — < 100 100 % 


% mutated kernels 1.0 0.8 0.6 0.4 


E) based on 2,597 total spikes, 91 mutated spikes, 239 mutants. 


The discrepancy of these investigations with those published previously by Swedish 
and German authors seems to be a consequence of both the intentional reduction of 
tillering and the use of a measuring method of the mutation frequency which is free 
of the statistical bias inherent in the method applied formerly (GAUL, 24, 25). 

Regarding now questions of screening methods in M, and advanced generations, the 
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emphasis should be put again on micro vital-mutations, as was already indicated in the 
beginning of this paper. Induced small mutations in plants (Antirrhinum) were already 
described by StuBBe (81) in 1934. That physiological mutations of economicimportance 
can also be induced and detected if appropriate screening methods are applied was early 
shown by FREISLEBEN and Lein (16), who found a mildew-resistant mutant in barley. 
Since then selection of many diverse resistant mutations has been reported in various 
erops (for literature see reviews cited at the beginning of this paper). Though it appears 
now that not all of these resistant genes are really a consequence of mutations, being 
sometimes rather the result of outcrossing,!) considering the whole evidence there can 
be little doubt that resistance can be induced. How abundant resistant mutations are 
is, however, still an open question because there are considerable discrepancies with 
different investigators. Another indication for the assumption that physiological mu- 
tations are, as a whole, more frequent than drastic ones is given by the character of ear- 
liness. Because of the ease of detecting earliness mutations, they have been found fre- 
quently in all crops. There have been all gradations of earliness ranging from one day 
to several weeks. In wheat HOFFMANN (40) screened among progenies of morphologic- 
ally unchanged M‚-plants for baking quality and found some “physiological mutants”’ 
which were distinctly superior to the mother strain. Recently most convincing evidence 
of the abundance of small mutations was presented by GREGORY (29, 30, 31) in his 
extensive and most careful investigations of X-rayed peanuts. After random selection 
of normal appearing M,-plants he found in progeny tests in the M3 a striking rise of 
the genetic variance of a quantitative character (yield), the increase being fourfold as 
compared with the controls. 

If the hypothesis of the frequent occurrence of micro vital-mutations is correct, 
efforts will have to be made to develop mass selection methods for detecting them. 
Concerning characters as resistance or earliness such methods are already easily avail- 
able. Another classical example where screening for a specific character was succesful, 
though with spontaneous mutations, was early given by v. SENGBUSCH (69, 70) 
who discovered by a simple chemical reaction sweet lupines in a tremendous material of 
bitter ones. Recently, in Melilotus albus, SCHEIBE and HÜLSMANN (66) screened success- 
fully for plants with low content of cumarin after treatment with mutagenic chemicals. 
Mass selection methods should have to focus on more or less specific characters. It was 
however suggested recently (GAUL, 21) that the characters chosen for screening need 
not necessarily be themselves of breeding value. From overwhelming evidence, parti- 
cularly in Drosophila, Zea Mays, Antirrhinum and Hordeum, it is clear that almost every 
mutation has a pronounced pleiotropic effect. It is only a matter of investigating thor- 
oughly enough to detect it. Sometimes a drastie change in the environment where the 
plants grow makes it easier to detect the manifold effects of a single gene mutation, as 
was e.g. shown in Antirrhinum by BRÜCHER (4) and STUBBE (82). It was, therefore, 
suggested (GAUL l.c.) to attempt, as a first step, screening for “indicator mutations” 


1) Owing to the pronounced male sterility in M,, flowers often remain open for a longer period of 
time than normally, and are thus more subject to cross-pollination. Presumably appropriate isolation 
of the M‚-generation has not been made in all of the previous experiments, so that the mutagenic 
nature of selected plants of agronomic value reported may sometimes be doubtful. This question was 
subject to a serious discussion during the Golden Anniversary Meetings of the American Society of 
Agronomy, Division VII, November 18-22, 1957 (cf. also KONZAK, 48). 


285 


HORST GAUL 


characterized by small morphological or physiological deviations. Then, as a second 
step, these mutants would have be to tested as to whether they also effect by their 
pleiotropic gene action characters of breeding value like yield etc. There is, at least in 
diploid plants, the hope that among these mutations the fraction of progressive ones is 
much higher than among either drastic deviations or a pure random sample. It can 
be expected that, following such a program, selection in M3 will usually be more ad- 
visable than in M,. Since in the M‚-generation not only single plants but a group of 
mutants is available having the same genotype, it seems easier to search for small mu- 
tations. This may be done either by purely morphological methods with plants grown 
normally in the field, using possibly ruler and scale, or by testing reactions of seeds or 
seedlings under various artificial and extremely changed laboratory conditions. 
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SAMENVATTING 
De aspecten van kunstmatige mutaties voor de plantenveredeling 


Na een kort overzicht van de perspectieven voor toepassing van kunstmatige mutatie 
bij de plantenveredeling wordt nader ingegaan op enige problemen die thans de aan- 
dacht hebben. Voor het beheersen van de kunstmatige mutaties is het van veel belang 
de frequentie van mutatie te kunnen vergroten en te kunnen bevorderen dat relatief 
minder chromosoom- en meer gen-mutaties tot stand komen. Vooral van de micro- 
mutaties verwacht schrijver vooruitzichten voor de plantenveredeling. Het is echter 
thans nog zeer moeilijk daarop te selecteren. 
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Buur, H. und Neye, W., Die Kartoffel. Die neue Brehm-Bücherei 212. A. Ziem- 
sen Verlag, Wittenberg Lutherstadt. 1958, 135 pp, 35 figs. 5 maps. D.M. 6.50. 


This book surveys the history of the potato, the morphology and anatomy of the 
potato plant, the cultivation of potatoes and the potato diseases. Plant breeders will 
be mostly interested in the chapters on raising new varieties of potatoes, the mainte- 
nance of potato varieties and the production of seed potatoes, the more so as they En 
been written by one of the staff of Gross-Lüsewitz. 

The booklet looks attractive and is well illustrated. 


CHOUDHURI, H. C., Potato in West Bengal. Home (Publicity) Department for 
the Directorate of Agriculture, Government of West Bengal, Calcutta. 1958. 125 
pp, 48 figs and 4 plates. Price. Indian, Rs. 6; Englisch, 9 s. 9d. 


This well illustrated book deals with cultural problems and diseases of the potato 
in West Bengal. Descriptions of 9 commercial varieties and the results of trials with 
40 varieties (from various parts of India and abroad) are given. 


Eruorr, FRED C., Plant breeding and cytogenetics. McGraw-Hill Book Company, 
New York - Toronto - London. 1958, 395 pp, 103 figs, Price 66 s. 


This textbook emphasises cytogenetics and the biological principles underlying plant 
breeding. The 13 chapters include polyploidy breeding. 

The author, who for nine years taught courses in plant breeding and was in charge 
of spring wheat breeding and cytogenetic studies at Washington State College, suc- 
ceeded in writing an attractive textbook. 

This work is complementary to “Methods of plant breeding”, published in 1955 by 
the same publisher, which stresses methodology and the treatment of different crops. 


HEINISCH, O., Lehrbriefe für das Fernstudium. Pflanzenzüchtung 1, 2, 3, 4 no 1, 
4 no 2. Karl-Marx - Univ, Abt. Fernstudium der Landw.-Gärtn. Fakultät, Leipzig. 
1957-1958. 


À series of lectures on plant breeding by O. HEINIScH have been printed as a manu- 
script in booklets. 

1 (80 pp.) reproduction; 2 (89 pp.) starting material for plant breeding purposes, 
physiological principles; 3 (66 pp.) continuation of physiological principles (resistance), 
breeding methods; 4 no 1 (27 pp.) continuation of breeding methods (inbreeding and 
heterosis); 4 no 2 (148 pp.) lay-out of trial fields, mathematical treatment of data. 


HUTCHINSON, J., Genetics and the improvement of tropical crops. Cambridge, 
1958. 30 pp. 


In thís inaugural lecture much attention is paid to the variability of cotton and 
of a few other crops for the tropics. 

The author illustrated from recent work two fundamental propositions in the 
application of genetics to crop plant improvement: the management of variability 
and the definition of objectives. 
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Success has to come from an appreciation of current needs and a clear definition 
_of the breeder’s objective. 


Livre du IVeme Congrès International de l'Agriculture méditerranéenne 
(Redacteur: J. D. OpHeN). Israël Periodicals, Tel Aviv, Israël. 1958, 604 pp. 


In these proceedings of the Fourth Congress of Mediterranean Citrus Growers at 
Tel-Aviv in 1956 some reports are of special interest for plant breeders. 
PAPTS Ns, Selection of mother-trees for Citrus bud-wood in Israël. 
OPHEN, D. J., Selection problems in Citrus. 
MOREIRA, S., Citrus diseases and rootstock problems in Brazil. 
MENDEL, K., Rootstock selection. 


RiEGER, R. and MICHAELIS, A., Genetisches und cytogenetisches Wörterbuch. 
2nd ed. Springer-Verlag, Berlin - Göttingen - Heidelberg. 1958, 648 pp., 149 figs. 
D.M. 49.60. 


This genetic-cytogenetic dictionary contains some 400 definitions of technical terms. 
Anglo-american terms are also mentioned, while the English Se of the German 
terms is indicated in brackets. 

In many cases a more or less extensive explanation is given illustrated with a drawing 
and it is therefore of an encyclopedic character. 

The references comprise some 1500 titles. 

This well-adapted dictionary is also very welcome to plant breeders. 


SPARROW, A. H., BINNINGTON, J. P., and Ponp, V., Bibliography on the effects of 
ionizing radiations on plants 1896-1955. Brookhaven National Laboratory, Upton, 
New York. 1958, 222 pp. Price $ 2.25. (The book is on sale from the Office of 
Technical Services, Department of Commerce, Washington 25, D.C). 


This bibliography contains 2,586 references. The criterion for inclusion was when a 
radiobiological effect had been produced. This automatically excluded papers dealing 
with radioactive tracers. 

An extensive subject index facilitates finding pertinent references. 

As radiation on plants offers more and more prospects in plant breeding, this biblio- 
graphy is very welcome. 


TSCHERMAK-SEYSENEGG, E. VON, Leben und Wirken eines Österreichischen Pflan- 
zenzüchters. Verlag Paul Parey, Berlin und Hamburg. 1958, 196 pp., 30 figs. 
DM. 19.80. 


This autobiography by one of the rediscoverers of the Mendelian Laws is also a 
contribution to the history of Mendelism and its application in plant breeding. 

This book is interesting from cover to cover, in particular for the younger generation 
of research workers and breeders who like to learn more about personalities as VON 
TSCHERMAK, FRUWIRTH, VON RÜMKER, VON PROSKOWITZ (pioneer of the Austrian plant 
breeders), etc. 

The second part contains interesting data on his work as a plant breeder, on con- 
gresses he attended and on study trips he undertook, among others to the U.S.A. and 
the Balkan. 
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NOTES 


H. B. VEERKAMP (1886-1958) t 


The Dutch potato breeder H. B. VEERKAMP has applied himself to the breeding of new potato 
varieties for nearly 60 years and almost exclusively for a love of breeding work. His most important 
variety was Triumf which during the years 1932 to 1944 was widely grown as a potato for industrial use. 

VEERKAMP died at Nieuwe-Compagnie (Gr.) on 12th July 1958. 


INAUGURATION OF THE POTATO BREEDING STATION ““KARNA’’ 


On 15th July 1958 the inauguration took place of the Potato Breeding Station for the Dutch Potato 
Meal Industry, KARNA, at Valthermond (Prov. of Drente). 

The breeding work of the station started in 1954, but it took some years to reclaim the site of 48 ha 
which 5 years ago was still waste and void. The establishment has been equipped with modern build- 
ings and glasshouses. 

The aim is to develop new productive potato varieties for industrial use, with resistance against 
potato root eelworm and other diseases. 

The Director is Ir. N. O. ROOKMAKER. 


ERRATUM 4 


In the article‘ of R. N. H. WarreHouse et al (Euphytica 7, 1958, p. 147-169) a 
correction should be made. In the last line of page 163 the array mean in the F 
generation of Apu should be 3.1 and not 3.6. 
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